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ABSTRACT 


acid was administered intraperitoneally 
male rats. The drug was metabolized the animal and excreted the bile. 
and hydrolytic procedures indicated the single metabolite 
the ester glucuronide. Approximately the the acid ad- 
ministered appeared the urine intact rats iodide ion. Thiouracil when 
given cholesterol fed rats did not the metabolism the drug. 


INTRODUCTION 


LTHOUGH large number structural analogs thyroxine exist (1), 
metabolic studies have been limited the few analogs showing thy- 
roxine-like activity. There has been desire eliminate the hypermeta- 
holie thyroid hormone analogs without reducing their ability 
lower serum cholesterol. The acetic acid analog triiodothyronine was 
found humans reduce plasma cholesterol levels for short time with 
only slight effect BMR (2). The acid analog thyroxine, 
acid (hereafter called reduces the deposition 
cholesterol the livers cholesterol-fed, thiouracil-treated rats (3). 
The activity TFA-4 has been reported <3% (4), 
0.16% (5) and 0.086% (6) that itself mammals. Best and 
Dunean conclude that has only 0.086% the inhibitory activity 
toward thiouracil induced goiter but gives more protection 
against cholesterol deposition livers thiouracil-treated rats than 
thyroxine (6). Since TFA-4 shows some ability influence metab- 
olism cholesterol rats, information concerning its metabolism this 
species should obtained. This was done giving TFA-4 labeled 
positions and with normal and thiouracil-treated rats. 


METHODS 


Radioactive was made direct iodination 3,5-diiodothyroformic 
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acid! with Thirty-nine mg. the diiodo acid were dissolved ml. NH,OH 
and the solution was chilled ice bath. With vigorous stirring, (containing 
50-75 dissolved 0.2 ml. 1.4 Nal solution were added dropwise. The 
mixture was stirred continuously while chilled for 1.5 hours. the end this time 
sufficient quantity was added decolorize the mixture; was neutralized 
and made with concentrated HCl; the precipitate formed was centrifuged and 
washed times with water remove iodide ion, and then was dried under 

The product had brownish color and was soluble acetone. Most its color could 
removed chromatographing silicic acid column. Mallinckrodt 100 mesh 
silicie acid was used directly pack column em. The product was dissolved 
1-2 ml. acetone and was then diluted 1:10 with petroleum ether (B.R. 
benzene 3:1. This solution was passed through the column; the product remained 
the silicic acid. The column was developed with solution acetone-benzene-petroleum 
ether 2:3:5. The slight color remaining the eluted product was removed with small 
quantity decolorizing carbon acetone. 

Purity the sample was checked chromatographing the preparation paper 
with n-BuOH-dioxane 3:1 saturated with NH,OH (hereafter called B.D.A.) the 
developing solvent (7). 


Chromatography 


The chromatography whole bile and urine metabolic products was done 
Whatman No. filter paper. The B.D.A. solvent system, the t-amyl alcohol system 
saturated with NH,OH described Gleason (8), was used develop descending 
chromatograms. One radioactive spot was obtained from bile and urine using either 
system. The B.D.A. system was selected for routine use because gives faster develop- 
ment with greater resolution. 


Animals 


Normal male rats the Purdue-Wistar strain, weighing 200-220 gm., were used. 
They were maintained Purina rat food and water libitum. 

Experimental animals were kept Bollman-Flock type restraining cages. 
basket and evaporating dish served collect the feces and urine separately with 
minimum Bile duct cannulations were performed under 
(40 mg./kg.) anesthesia. Bile collections were made manually with timed automatic 
collector. TFA-4* was dissolved 0.5% solution before use and 
were injected subcutaneously after the rat was placed the restraining cage. Althoug!) 
not completely free the effects anesthesia before the dose was injected, the rats 
awakened. Animals were sacrificed while anesthetized with ether and their thoracic 
cavities were opened collect blood puncture. For purposes 
the total blood volume was assumed body weight (9). 

Intact animals used for blood level determinations were given mg./kg. 
subcutaneously. Blood samples 0.05 ml. were taken from the tail 15, and 
minutes and and hours. 


Counting 


Paper chromatograms were scanned with Nuclear Measurements Company PCS 
chromatogram scanner for radioactivity. The detector was thin window mg./en 
mylar) flow counter with 0.25X0.50 inch window opening. Due 
counter’s insensitivity radiation, the radioactive spots were well defined. 


Kindly supplied Van Heyningen who also suggested the procedure 
thesis adopted. 
Secobarbital Sodium, Lilly. 
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was scanned rate 3.25 min. One mark registers, the occurrence counts. 
Radioactivity samples bile, urine, and body organs was determined well-type 
detector shielded inches steel. The 365 Kev photoelectron in- 
tensity was measured. Backgrounds were counts per minute. aliquot the 
administered dose counted with the samples served correct for decay The 
counting samples had relative standard deviation 2-4%. 


RESULTS AND DISCUSSION 

Table shows that large percentage the radioactivity given the 
intact rat found the feces and intestines. 
contrast, bile duct cannulated rats had only small amounts radio- 
activity these sites and the major part was found the bile. 

Four rats were cannulated and injected with mg./kg. TFA-4*. 
Samples blood and bile collected for min. intervals during the first 


CANNULATED AND INTACT RATS, BASED ON PER CENT OF DOSE 


mg./kg. TFA-4* 
subcutaneously 


Bile duct cannulated 


Intact rats (4) rats (3) 


Time after dose hours hours 


Stomach and contents 0.96 1.61+0.27% 
Small Intestine and Contents 10.2 +2.6 
Large Intestine and Contents 22.5 +3.9 
Feces 32.8 +4.4 
Bile 
Urine 1.5 +0.3 
Blood 1.14+0.17 2.2 +0.3 
Thyroid 0.16 +0.02 
Spleen 0.09 0.03 +0.00 
Heart 0.01 +0.00 


Standard deviation the mean. 


hour and for min. intervals thereafter are plotted Figure 
This shows that the per cent administered radioactivity, the 
lated total blood volume, reaches maximum min. where re- 
mains for about hour and then decreases plateau hours. Radio- 
active material the bile increases very rapidly with the rise blood 
levels, and drops off after blood levels begin fall. hours the blood 
level reaches plateau corresponding approximately 1.4% the admin- 
istered dose. For 200 gm. rat, assuming deiodination, this would 
equivalent TFA-4 per ml. blood. There appears little 
change the blood concentration between and hrs. (Table 
Fig. 1). This consistent finding and could better understood 
the chemical form the the blood were known. The difference 
radioactivity remaining the total blood volume bile duct 
and intact rats (Table not understood; has been sug- 
that may due postoperative shock. Removal the drug 
bile duct cannula reflected the decreased amounts radio- 
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activity found the liver, kidneys, lungs and heart these animals after 
about the same time (Table 1). 

Since Best and (3) found that TFA-4 capable reducing the 
liver cholesterol levels rats treated with thiouracil, was interest 
see what effect thiouracil has the metabolism The results 
for rats given 0.5% thiouracil plus cholesterol their diet for two 
weeks before use, and for parallel group given cholesterol only, are 
Table The quantity appearing the bile and hours 


CUMULATIVE EXCRETION 


BILE FROM CANNULATED 
RATS. 

DOSE 


LEVEL OF TFA-4 IN TOTAL 
BLOOD VOLUME OF BILE DUCT 
CANNULATED RATS. 


TIME HOURS 


Fig. Averaged blood levels (administered TFA-4*) and averaged accumu 
lative excretion bile metabolite administered dose for rats each given 
mg./kg. TFA-4* single subcutaneous dose. 


essentially the same for the two groups; the distribution (admin 
istered TFA-4*) other organs appears not affected thiouraci 
(Table 2). 

Paper chromatography was used investigate the radioactivity prod 
ucts appearing the bile. Figure each chromatogram shown 
rately because the solvent front varies somewhat from one chromatogra! 
another. Bile from rats given TFA-4* was chromatographed pape 
using the B.D.A. system and one radioactive spot (Fig. 2A) was observe: 
This was also true for the t-amyl system. 

One may mistakenly conclude that the metabolite iodide ion, 
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the migration iodide ion both chromatographic systems employed 
indistinguishable from the migration the bile metabolite. When the bile 
was treated with KOH 65° for hours before chromatography 
the migration radioactivity greater and corresponds that 
(Figure 2A). Thus the single radioactive chromatographic component from 
bile appears yield TFA-4* when one treats bile with base. The chro- 
migration the radioactive material dialyzed from the fresh 
with distilled water unchanged from that the compound the 


GLUCURONIDASE TREATED BILE 


B-GLUCURONIDASE TREATED GILE 


URINE 


25, 


Fig. Descending radiochromatograms for compounds developed with n-butanol- 
dioxane 4:1, saturated with NH,OH. The lettered sections represent the results 
several spots single sheet, and the numbers specify separate lanes. 
mark represents counts. 


fresh bile. Bile dialysate concentrated under vacuum was diluted 1:10 
0.01 acetate buffer (pH 4.5) yield solution This 
solution was incubated overnight 37° with mammalian 
alongside control without the 6-glucuronidase 
mtaining tube, flocculent material, perhaps formed from destruction 
the enzyme, contained the radioactivity. The radioactivity 
uld recovered extracting the residue with acetone. The chromato- 
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graphic migration radioactivity the acetone corresponded that 
TFA-4* while there was change the migration the radioactivity 
uniformly distributed the control mixture (Fig. 1). TFA-4* 
added the acetone extract before chromatography only one 
observed (Fig. 2). Therefore, suggested that the radioactive me- 
tabolite TFA-4* bile glucuronide conjugate. Taurog al. (10) 
reported finding metabolite which has very similar proper- 
ties the metabolite TFA-4* found rat bile. The rat was said have 
limited capacity form this metabolite Klitgaard al., 
(11), giving rats about times much found 10% 
the radioactivity bile the only metabolite thyroxine. When 
TABLE DISTRIBUTION (ADMINISTERED TFA-4*) CHOLESTEROL FED AND 


THIOURACIL TREATED RATS, BASED ON PER CENT OF DOSE 


mg./kg. TFA-4* 
subcutaneously 


Cholesterol +thiouracil 


bile duct cannulated Cholesterol bile 


cannulated rats (3) 


rats (3) 

Time after Dose hours hours hours hours 
Stomach and Contents 
Small Intestine and Contents 0.16+0.16 0.41+0.21 
Large Intestine and Contents 0.16+0.05 0.18+0.01 
Feces 0.23 +0.08 
Bile 71.5 +4.8 73.8 +4.5 
Urine 5.0 +2.6 3.1 +0.2 
Kidneys 0.09 +0.20 
Thyroid 0.08 


cholesterol and 0.5% thiouracil were mixed uniformly Purina rat food, repelleted 
and fed weeks before and during test. 

cholesterol mixed uniformly Purina rat food, repelleted and fed weeks before and 
during test. 

Standard deviation the mean. 


TFA-4* was given dose levels mg./kg. the metabolic system did 
not appear over-taxed, since only single metabolite appeared. 

Ready hydrolysis the metabolite with dilute base suggests that 
probably acyl glucuronide conjugate (12). well known that 
some acid derivatives, among which perhaps TFA-4 may con- 
sidered, form esters with glucuronic acid (13, 14). 

The urine rats given TFA-4* contains more radioactivity 
that similarly injected bile duct cannulated rats (Table 1). This 
that some the bile glucuronide may absorbed from the 
and re-excreted the urine, that the glucuronide cleaved 
the intestinal flora and the TFA-4* absorbed. The urine 
animals given TFA-4* was chromatographed; only one radioactive 
appeared (Fig. and its migration was similar that bile 
glucuronide. Urine from intact TFA-4* injected rats was treated wit 
urine and bile were identical. These treatments the urine did produ: 
any change migration the urinary product (Fig. The 
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tion essentially the same that for radioiodide. The glucuronide found 
bile also moves like radioiodide. The radioactive material the urine 
assumed iodide ion, since which bile produced 
change migration, caused none urine. This agrees with the finding 
Galton and Pitt-Rivers (15) that although the was organ- 
ically bound either thyroxine glucuronide thyroxine mouse kidneys 
only iodide ion was identified the urine. 

Whether not bile glucuronide can absorbed was ap- 
proached more directly. Three rats were prepared with two cannulae 
placed the common bile duct. One cannula was directed toward the 
liver and the other toward and extending into the duodenum. Three sep- 
arate two ml. aliquots (197,000 bile sample from bile 
duct cannulated rat given TFA-4* were injected through the cannula into 
the duodena the three recipient rats rate about ml. per hour. 
Bile was collected from the second cannula. hours was 
found the bile. This indicates that the glucuronide can 
absorbed and re-excreted, that may cleaved the intestinal lumen, 
and the TFA-4 may absorbed and reconjugated. 

Deiodination TFA-4 seems proceed quite slowly regardless 
whether the free conjugated form, i.e. removal iodine from 
TFA-4* does riot appear major metabolic pathway. The studies 
Wilkinson (16) vivo and Yamazaki and Slingerland (17) vitro indi- 
cate that the rate deiodination thyroxine analogs decreases the 
side chain decreases length. The rat appears metabolize 
TFA-4 more derivative acid than one thyroxine. 
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DIRECT RENAL ACTION PURIFIED 
PARATHYROID 
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Department Medicine, University Chicago School Medicine, Chicago, 
and The Rockefeller Institute, New York, 


ABSTRACT 

order determine whether parathyroid hormone evokes phosphaturia 
the mammal direct effect the kidney exerts its action indirectly 
extra-renal site, highly purified parathyroid extract was administered slow 
infusion into one renal artery the dog. the majority animals studied the 
resultant phosphaturia was exclusively preferentially unilateral. sys- 
changes renal hemodynamics plasma phosphate concentration 
were observed during 3-4 hours intra-renal infusion. The phosphaturia was 
accountable for diminished rate phosphate reabsorption, both absolute 
and relative the amount phosphate filtered. concluded that PTH 
acts directly the kidney the dog and produces phosphaturia depressing 
net phosphate reabsorption the rena! tubule. 


generally agreed that extracts parathyroid glands 
possess phosphaturic properties (1, 5), opinion divided 
the mechanism which the increased phosphate excretion brought 
about. There evidence favoring the view that the phosphaturia results 
from increases the filtered load phosphate (3, but other work 
indicates that parathyroid extract (PTH) may decrease tubular reabsorp- 
tion phosphate (4, 5). The contradictory results reported the litera- 
ture may due part the use relatively crude parathyroid extracts, 
but probably greater importance leading discordant conclusions 
has been the difficulty controlling the many variables affecting phos- 
phate excretion. 

Furthermore, despite frequent assumption the contrary, the possibil- 
ity exists that parathyroid extract does not act directly the 
kidney all, the phosphaturia being secondary action elsewhere 

Received February 1960. 
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571 


the body (an analogous example would the case increased urine 
flow following the administration water). There little doubt that the 
mammalian kidney the ‘‘final common for the phosphaturia 
induced parathyroid extracts, but whether this results from 
renal action the hormone whether additional steps are interposed, 
not known. 

The only direct evidence bearing this problem pertains the fowl 
and was obtained Levinsky and Davidson (7) who utilized the renal 
portal venous blood supply the chicken perfuse one kidney with 
parathyroid extract. The resulting unilateral phosphaturia indicated 
direct renal action the hormone this animal. not merely platitu- 
dinous recognition the obvious point out the existence species dif- 
ferences, since the readiness with which net tubular 
the bird but not the mammal particular pertinence the present 
The work Levinsky and Davidson provides sound evidence 
directly the renal effects PTH the chicken. These workers 
not, nor wish to, imply species extrapolation. The fact therefore 
remains that the analogous problem involving PTH and the mammalian 
kidney requires appropriate direct evidence for its solution. 

order provide evidence either for against the thesis that the 
hormone, have employed highly purified parathyroid extract and 
administered slow infusion directly into one renal artery the dog. 
The functions the separate kidneys were then compared order 
permit separation non-specific systemic effects both kidneys from 
any specific ones which might produced PTH the infused kidney. 


METHODS 


The experimental animals were healthy mongrel dogs, weighing 15-25 Kg. They were 
maintained diet commercial canned dog food for least two weeks before 
experiment was done. Food and water were withheld for hours prior experiment. 
The dogs were anesthetized with intravenous pentobarbital sodium and given appropri- 
ate priming doses sodium p-aminohippurate and inulin. Bowman constant-speed 
pump infused 0.85% saline, inulin, and p-aminohippurate intravenously the rate 
per 

mid-line lower abdominal incision was used expose the ureters which were then 
separately cannulated with polyethylene tubing. The abdominal wound was closed and 
femoral arterial inserted for the collection arterial blood. The ani- 
was then placed its right side and subcostal left flank incision made. After 
the peritoneum muscle-splitting procedure the retroperitoneal space was 
blunt dissection. The aorta was stripped adventitial and fatty tissue and 
retracted rubber tape placed around above the origins both renal arteries. 
gauge Rochester needle was then inserted into the aorta point opposite the origin 
the right renal artery. The inner steel needle was withdrawn partially that the 
tip the outer cannula could advanced into the 
the right renal artery. The inner needle was then removed and the cuter cannula 
second constant-speed pump which infused heparinized 0.85% saline 


4 
q 
be 


572 PULLMAN, LAVENDER, AHO AND RASMUSSEN Volume 


the rate 1.23 ec. per minute. The aortic was then released and the cannula 
bent degrees that lay alongside the aorta. The total time was usually 
under seconds. The wound was closed, and urine collections graduated 
were begun when the rates urine flow from each kidney were approximately equal, 
usually within 30-60 minutes. Femoral arterial blood was sampled mid-period during 
alternate periods. After control periods 20-30 minutes each, the renal infusate was 
changed one containing parathyroid extract, but identical all other respects the 
control infusate. Urine specimens were collected every minutes for hours after 
the parathyroid infusion was begun. the end each experiment, solution mal- 
achite green was injected slowly into the renal arterial cannula and the 
kidney inspected grossly for uniform distribution the dye. Twelve such experiments 
have been performed twelve dogs averaging eleven clearance periods per kidney 
per dog. 

highly purified parathyroid extract prepared one (H.R.) and possessing 
twelve dogs.* This material phenol extract bovine parathyroid glands and dis- 
tributes single substance two solvent systems counter-current distribution, 
partition chromatography, and ultracentrifugation. has approximate molecular 
weight 7000 and possesses both calcium-mobilizing and activity para- 
thyroidectomized rats. The two remaining dogs received commercial parathyroid ex- 
tract (Lilly) administered the same manner. 

Inulin clearance was used measure glomerular filtration rate (GFR), inulin 
being determined the method Roe, al. (9). The clearance p-aminohippurate 
was used measure effective renal plasma flow (ERPF), p-aminohippurate being 
determined the method Smith, (10). Sodium and potassium were determined 
flame photometry, using lithium internal standard. Chloride was determined 
modification the method Sanderson (11). phos- 
phate was determined the method Fiske and (12). was deter- 
mined the method Kingsley and Robnett (13). The statistical methods employed 
are those found standard texts statistics. 

The rate phosphate filtration was taken the product GFR and serum phos- 
phate concentration, neglecting the small errors due lack correction for the Gibbs- 
Donnan equilibrium and for plasma water concentration. Rate phosphate reabsorption 
was taken the difference between rate phosphate filtration and simultaneously ob- 
served rate phosphate excretion. Phosphate reabsorption fraction was 
the ratio phosphate reabsorption rate rate phosphate filtration. 


RESULTS 


Hemodynamics 


The technique renal arterial infusion employed did not alter signifi- 
any the measures renal hemodynamics during control periods. 
The ratio values for the infused kidney those for the contralatera! 
kidney, obtained during the clearance periods prior administration 
parathyroid extract while heparinized normal saline was being in- 
fused into one renal artery) averaged 0.93 for glomerular filtration 
0.94 for effective renal piasma flow, and 0.99 for filtration fraction (FF 


The was administered slow infusion rather than bolus 
order minimize artefacts due inhomogeneous distribution PTH the renal blo: 
and the greater likelihood the hormone. 
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When PTH was added the renal infusate, these raties changed less 
than 2%. Similarly, significant changes urine flowt were observed, 
either between kidneys from period period the same kidney. 


Serum phosphorus and 


The mean calcium concentration for all clearance periods all dogs 
prior PTH infusion was 10.4 mg.%. The mean change after PTH was 
—0.5 mg.%. The mean serum inorganic phosphate concentration prior 
the PTH was 4.8 mg.% and similarly mean change after PTH 
was +0.4 mg.%. 


Phosphate excretion 


During the pre-PTH periods while 0.85% saline was being infused into 
one kidney, the rate phosphate excretion was slightly less the experi- 
mental than the control kidney, the mean ratio right left kidney 
for the entire group being 0.88. Similarly calculated ratios for fraction 
filtered phosphate reabsorbed averaged 1.01. During PTH infusion, in- 
creased phosphate excretion was observed all dogs studied. four 
these, the phosphaturia was entirely limited the kidney receiving PTH, 
the phosphate excretion from the contralateral kidney showing change 
from pre-infusion values. the remaining eight dogs, the control kidney 
also showed some increase phosphate excretion, but all but one 
instance this was exceeded that shown the infused kidney. Addition 
PTH the renal arterial infusate increased the phosphate excretion 
ratio the two kidneys average 55% over the ratios observed 
during the control periods. The probability that chance alone could ac- 
count for this increase was less than 0.01 the standard for 
statistical significance. 

representative experiment shown graphically Figure During 
the control periods, phosphate excretion, GFR, and ERPF were slightly 
higher the experimental than the contralateral kidney, but marked 
differential changes were observed until PTH was added the renal 
infusate. The unilateral phosphaturic response was usually apparent the 
first clearance period after addition PTH the arterial infusate, and 
reached its maximum about one and one-half hours. entirely pos- 
sible that phosphaturia occurred more promptly than this, but since the 
‘learance periods were minutes duration, earlier rise phos- 
phate excretion would have escaped detection. The phosphaturia was not 


urine flows were almost invariably less than ml./min. and while recog- 
ized that low flows errors collection and those due time-lag assume relatively 
reater magnitude, should also pointed out that such errors are equally operative 
both kidneys. The tendency for such errors cancel out double-kidney experiments 
these illustrated the constancy the ratios the functions the two 
(Table 2). 
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accompanied comparable changes GFR, nor did serum phosphate 


increase. 


representative experiment which the control kidney also showed 


some increase phosphate excretion shown graphically Figure 


This dog had almost identical phosphate excretions the two sides during 


the control periods despite somewhat divergent filtration rates and blood 
flows. After PTH was added the renal infusate, phosphate excretion 


DOG 


SERUM 
mg.% 
ERPF 
URINE 
GFR 


-90 180 


Effect intrarenal infusion parathyroid extract differential 
renal functions the dog. Explanation text. 


rose both sides, but much greater extent the experimental than 
the control kidney. There was initial abrupt increase GFR 
the experimental side, but after two clearance periods the value: 
for these parameters reached levels not greatly different from those 
control kidney. Since, the discussion follow, consideration will 
given functions derived from these data, the protocol for this experimen 
The remainder the dogs studied showed qualitatively similar 

ses those illustrated the above 


Variation PTH dose the range 5-20 did not affect the type respon 
observed. Likewise, the differential pattern was not aitered two dogs the 
small amount chloride the intravenous infusate. 


Volume 


0.5 
55 7 
CONTROL CONTROL| 
-90 180 
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Excretion other electrolytes and water 


infusion PTH for hours produced significant differential 
changes the excretion water, sodium, and chloride ions. The 
data for the entire series are summarized Table The only changes 
high statistical significance® occurred the excretory rate phosphate 
and the percentage filtered phosphate reabsorbed. The details 
values the table are presented the legend. 


DOG 6-V 


SERUM 
mg.% 
ERPF 
URINE 
GFR 
PTH 


-90 ie} 


TES 


180 


Effect intrarenal infusion parathyroid extract differential 
renal functions the dog. Explanation text. 


DISCUSSION 


Although the action PTH has been known for some time, 
agreement has not been reached the mechanism the increased 
phosphate excretion. Albright (14) postulated primary renal action 


terion, the 10.7% increase excretory ratios potassium should 
since the mean absolute difference between the two kidneys was small 

+2.2 prefer impose the more rigorous statistical criterion upon this 
and regard the apparent effect intrarenal PTH tentative but 
established. 


Volume 
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TABLE SUMMARY EFFECTS INTRARENAL PTH DIFFERENTIAL RENAL 


before PTH change 


» 
GFR 0.88 0.547 0.5 
0.94 1.24 0.785 0.4 -0.5 
FF 0.99 — 0.36 0.246 0.8 —0.9 
1.06 +16.5 1.749 0.1 -0.2 
1.01 3.1 0.451 0.6 -0.7 


Ratios were calculated values observed the kidney divided the 
corresponding values for the kidney for each clearance periods during which 
the intrarenal infusate consisted 0.85% saline. The means for each dog were then aver- 
aged obtain the figures the first column. Similar ratios were calculated for the 6-8 
periods during which the renal infusate contained PTH. each dog the mean PTH ratio 
was compared with its appropriate pre-PTH ratio and expressed percentile change. The 
values the second column are the means these percentile changes for the entire group 
The and values the last two columns refer the preceding percentile 
changes. Changes evaluated “highly conventional criteria 
are marked asterisks. 


PTH but because the lack direct evidence this point and because 
parathyroid extracts have been shown acute experiments increase the 
GFR and/or serum phosphate concentration, thereby increasing the rate 
which phosphate filtered the glomeruli (3, 6), the view has arisen 
that PTH-induced phosphaturia secondary and non-specific effect. Two 
other pieces evidence lent support this view: the demonstration 
direct action PTH bone (15) and the demonstration that 
denatured parathyroid extract can produce phosphaturia (16). Although 


Recognizing the cumbersome nature mathematical device involving ratios 
ratios (the second column representing the ratio post-PTH values pre-PTH values 
the ratio experimental control kidneys) have attempted simplify and 
clarify the procedure employing differences. addition, was thought this would 
express absolute opposed relative change. However, appears that the device 
merely substitutes one cumbersome parameter for another, resulting differences be- 
tween differences rather than ratios ratios. Despite the derivative nature each 
inethod the values obtained from one corresponded well with those 
the other. Thus, the mean percentile change the ratio the phosphate 
the two kidneys due PTH infusion was +55.4% with <0.01. 
expressed absolute units (difference between the two kidneys before PTH sub- 
acted from the difference during PTH), the corresponding figure for phosphate excre- 
ton was +96.8 with <0.01. For each variable studied, the con- 
statistical significance were the same regardless whether ratios 
were employed. 
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not bearing directly the question renal action PTH, the observa- 
tions Talmage and Elliott (17) indicating influence the parathy- 
roids the absorption calcium and phosphorus from the gut, indirec- 
tion lent further credence the view maintaining primacy extra- 
renal site action PTH. 

However compelling the evidence favoring extra-renal site action 
PTH may be, the question direct effect PTH the kidney can- 
not answered data obtained from experiments involving other organs. 
the other hand, the mere demonstration phosphaturia following 
systemic administration PTH does not prove direct renal mechanism, 
since increased phosphate excretion may result from increased GFR, 
increase serum phosphate, the possible existence hitherto unde- 
scribed extrarenal mechanisms intercalated between the administration 
the PTH and the observed phosphaturia. 

The infusion PTH determinable rate and concentration into one 
renal artery without compromising the renal blood flow allows one kidney 
serve control for the other. Whatever variables may acting 
systemically modify phosphate excretion would affect both kidneys 
equally. The non-infused kidney may regarded continuous simul- 
taneous control and any differences between the two would necessarily 
attributable the PTH. That the infusion physiological saline into one 
renal artery 1.2 did not alter excretory patterns, attested 
the fact that during the minutes prior addition PTH the ratios 
all functions studied were remarkably close unity (Table 2). This 
should not surprising since the addition infusion normal saline 
flow about 150 

The abrupt change phosphate excretion occurring promptly after PTH 
was added the renal infusate makes unlikely that such change was 
due possible delayed effect the normal saline. should empha- 
sized also that the differences functions between the two 
that are the most critical parameters since chance systemic factors 
the diurnal variation phosphate excretion the mild diuretic 
intravenous saline) which have made the interpretation 
investigations difficult affect both kidneys equally. Whatever moiety 
PTH not excreted the experimental kidney 
enters the renal venous blood and thereby the systemic blood. This 
diluted fraction, still physiologically active, then will affect both kidney 
equally re-circulation. The conclusion seems inescapable that diffe: 
ences phosphate excretion, which were absent small during the 
PTH periods and which appeared increased when PTH was added 
the infusate, are directly attributable the PTH. The fact that most 
our dogs showed this unilateral, predominantly unilateral, 
ria response unilateral renal administration PTH, commits 
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the conclusion that least one the sites action PTH intra- 
renal one. 

Although there was mean change GFR serum inorganic phos- 
phate for the entire group dogs studied, individual variations these 
values nevertheless occurred. order assess the relative importance 
the amount phosphate filtered the glomeruli and the tubular reab- 
sorption this filtered phosphate the production the observed phos- 
phaturia, calculations were made all the dogs the absolute rate 
phosphate reabsorption (phosphate filtered minus phosphate excreted), the 
phosphate reabsorbed per 100 glomerular filtrate, and the percentile 
reabsorption total filtered phosphate. Because dog 6-V (Fig. and Table 
showed variation GFR and serum phosphate, calculated reabsorp- 


REABSORBED 


P 


REABSORBED 


Effect intrarenal infusion 4500 


parathyroid extract various calculated 
measures phosphate reabsorption. Same FILTRATE 

dog Figure Explanation text. 


PERCENT 
FILTERED 
REABSORBED 


tion data from this dog are shown Figure apparent that the total 
reabsorbed phosphate decreased markedly the PTH-infused kidney and 
remained constant the control kidney. The marked phosphaturia shown 
the PTH kidney (Fig. therefore seen due decrease 
hoth the absolute rate reabsorption and the moiety filtered phos- 
phate reabsorbed. The slight phosphaturia shown the control kidney 
(Fig. but instead seen due the stepwise increase filtra- 
rate that this kidney. 

The majority dogs studied showed this pattern the behavior 
reabsorption regardless whether the observed phosphaturia 
limited the PTH-infused kidney occurred bilaterally prefer- 
tially the PTH kidney. order obtain overall view the entire 
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series dogs and depict the magnitude individual variations observed, 
mass plot shown Figure Reabsorption fractions (i.e., percentage 
filtered phosphate reabsorbed) were calculated for each kidney for each 
clearance period each dog. The value obtained for the control kidney 
was subtracted from the value obtained from the PTH kidney for the 
same period. Values above the zero line therefore indicate greater reab- 
sorption fraction the PTH kidney than the control kidney. The zero 
ordinate indicates time the addition PTH the intrarenal infusion. 
dog represented series similarly connected points. 


DIFFERENCE 
REABSORPTION FRACTION 
PHOSPHORUS 
BETWEEN RIGHT AND LEFT 


KIDNEYS 


100 


Mass plot effect intrarenal infusion parathyroid extract differential 
reabsorption fraction phosphate all dogs studied. Explanation text. 


During the pre-PTH periods the reabsorption fractions the two 
were not greatly different from each other nor was any trend apparent. 
The addition PTH the renal infusate resulted downward deflec- 
tion the majority the curves with substantial depression most. 
the values below the zero line. This explainable the fact that most 
the dogs showed increasing differences between the two kidneys due 
greater diminution phosphate reabsorption the PTH-infused kidne 
than its mate. 

The ingeniously conceived recent experiments Nicholson al. (18, 
offer evidence support the proposition that tubular 
phosphate may bi-directional and that alteration secretory activi 
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may concerned PTH-induced phosphaturia. Since instance did 
any our dogs, nor did any Nicholson’s, display excretory rate 
phosphate excess its filtered rate, prefer employ the term 
tubular and leave the question secretion resolved 
other means, letting remain for the time being interesting, perhaps 
likely, but yet unproven possibility. The problem whether the PTH- 
induced phosphaturia dependent upon decreased reabsorption aug- 
mented secretion (if such process exists) not truly germane the 
present issue. have sought determine two things: Does PTH act 
directly the kidney, and PTH acts directly the kidney, the 
site glomerular tubular? Our data indicate that PTH does have direct 
renal action and that this effect tubular, resulting decreased 
phosphate. 

tempting one step further and speculate just where the 
tubule this effect takes place. have data this point and hesitate 
extend our speculations beyond the significance imposed the data 
themselves. However, mention should made the fact that Pitts’ 
experiments the site urinary acidification (20) which stop-flow 
analysis (21) was utilized, indicate that phosphate reabsorbed the 
proximal portions the nephron. This conclusion course subject 
the strictures imposed the limitations the stop-flow technique. 
These limitations apply with somewhat more cogency conclusions 
drawn about the proximal reaches the nephron than about the distal and 
have been recognized these workers (20). 

Although the intimate details the mechanism which PTH affects 
the transport phosphate from tubular lumen tubular cell are not 
known, apparent that least one means which PTH produces 
phosphaturia action site within the kidney produce diminished 
net reabsorption inorganic phosphate. 
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INHIBITION ANTERIOR PITUITARY GONADOTRO- 
PINS AND OXYTOCIN EXTRACTS 
LITHOSPERMUM RUDERALE' 
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ABSTRACT 


vitro and vivo assays spray-dried and lyophilized cold water extracts 
overground plant material and rhizomes Lithospermum ruderale are re- 
ported. The weight increase chick testes was used the end-point for 
and FSH assays and the depression blood pressure fowl was employed 
measure oxytocin activity. The activity both anterior pituitary and 
oxytocin was inhibited after vitro mixture for one two hours room tem- 
perature with lithosperm. The data suggest, however, that different substances 
may inhibit the two hormones. Rhizome extracts were consistantly more po- 
tent than the overground plant preparations. vivo inactivation and 
FSH also was observed cockerels when the hormone and lithosperm were ad- 
ministered subcutaneously different sites. More lithosperm was needed 
inhibit FSH action than that LH. Rhizome extracts also were more potent 
vivo than were the overground plant extracts. Extracts which were stored for 
several months retain inhibitory activity both vitro and vivo assays. 
total 2,358 cockerels was used the various gonadotropin assays. 


inhibitory effects hormone action various extracts the 

plant Lithospermum ruderale have been 
measure quantitatively and qualitatively. Analysis has been complicated 
the fact that large quantities extract often have been needed tests. 
Although has been demonstrated (1—5) that the addition 20% 30% 
dried plant material the diet mice resulted diestrus, the animals 
usually lost weight. Inanition, therefore, has been complicating factor 
the evaluation the results. Furthermore, aqueous extracts the plant 
lose activity standing solution (6, and has been difficult 
compare the relative activity several extracts tested separately over 


periods days weeks. 
excellent vitro test for lithosperm activity has been developed 
Received February 18, 1960. 
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The term lithosperm used designation for the hormone inhibiting prin- 
iple, principles, present the genus Lithospermum. 
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(8, 9). This test involves the inhibition pregnant mare serum (PMS) 
incubating this gonadotropin with lithosperm. Rats are employed the 
assay animals. This procedure avoids the complications long-term feed- 
ing and makes possible estimate the inhibitory activity milligram 
quantities lithosperm preparations. The test, however, subject the 
objection that vitro inhibition may not indicative hormone inactiva- 
tion vivo. 

have employed, with minor modifications, the PMS vitro assay 
our studies the effects lithosperm extracts cockerels. Unfortunately, 
there are certain features the test which are disadvantageous. The 
major action PMS its follicle stimulating effect, that is, stimulates 
the seminiferous tubules the cockerel. The results various workers 
(2-5 and suggest that luteinizing hormone (LH) the major 
anteriorpituitary gonadotropin inhibited lithosperm. would 
advantageous, therefore, test directly for inhibition lithosperm. 
There however, considerable variation gonad weights animals 
given gonadotropin and would beneficial have assay for very 
small quantities lithosperm which statistical analysis could 
improved smaller amount variability. Assays oxytocin activity 
promised afford solution the second problem. 

This paper describes some experiments which first, both vitro and 
vivo inhibition luteinizing hormone lithosperm was 


second, the action oxytocin blood pressure depressant the 


fowl was employed new assay for the inhibitory effects lithosperm 
extracts milligram smaller quantities. This test especially good 
statistically since the experimental design that Latin square and 
variation due differences individual responses minimum. 


MATERIALS AND METHODS 


Luteinizing was mixed with lithosperm room temperature phosphate 
buffer 7.4 and placed mechanical shaker for two hours. The volume the 
hormone was 0.5 ml. and the volume the lithosperm phosphate buffer was 0.5 ml. 
Luteinizing hormone also was mixed with phosphate buffer alone for the hormone-con- 
trol groups and buffer-control group animals which received only phosphate 
was run with each experiment. After mixture and agitation for two hours, the hormone- 
lithosperm mixture and the hormone-buffer control mixtures were diluted the prope: 
volume for injection and stored refrigerator between injections. Single comb Whit: 
Leghorn cockerels were used test animals. The animals were given the hormone-litho 
sperm, buffer, three equally divided dosages wit! 
12-hour intervals between injections. Injection volume was 0.2 ml. Twelve hours afte 
the last injection the birds were killed decapitation and the testes were 
moved and weighed torsion balance. 

minimum chicks was used each group most experiments. However, 


The luteinizing and follicle stimulating hormone preparations used this investig: 
tion were furnished through the courtesy Dr. Davenport the Armour Labor: 
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some assays birds were used the buffer-control and hormone-control groups. Three 
levels hormone were used most experiments establish control dose-response line. 

The oxytocin® assays were performed accordance with the procedure regularly em- 
ployed the blood pressure depressant test for oxytocin the fowl (15). White Leghorn 
males weighing 2.0+0.2 kilograms were the test animals and oxytocin was mixed with 
lithosperm phosphate buffer 7.4 exactly was done with LH. The injection se- 
quence was randomized according the usual procedure for Latin square experimental 
design. least two levels oxytocin were employed establish the control response. 
The dosages usually were 0.06 and 0.03 units. Two three dosage levels each two 
three lithosperm extracts were used and lithosperm was mixed with the higher dose 
oxytocin. The experiments, therefore, were either 8X8 Latin squares. 

The birds were anesthetized with phenobarbital; sodium citrate usually was employed 
anti-coagulating agent. The artery was cannulated and connected with 
the manometer order record blood pressure changes and the hormone hormone- 
lithosperm mixtures were administered through the crural vein. Injection volume was 
0.3 ml. and injections were spaced intervals one and one-half minutes. This 
shorter than the optimum time interval but was used order that the entire experiment 
including the preparation injection media could completed one day. 

vivo assays for lithosperm action were performed chicks using the three in- 
jection procedure employed for assay. The hormone,and the lithosperm 
again were mixed with phosphate buffer 7.4 and injected subcutaneously differ- 
ent sites the chicks. All chicks employed the assays either vitro vivo were 
kept pullmans” without food water during the test period (16). 

The various lithosperm extracts used this study were prepared from dried over- 
ground plant from dried The dried plant was finely ground Wiley mill 
and the resultant plant powder was extracted with cold water. Insoluble materials were 
removed filtration centrifugation. Concentration was accomplished rapid but 
gentle removal water either spray-drying lyophilization. light brown pow- 
der produced which can stored its dry state deep-freeze unit. will noted 
the discussion results that activity retained for months. 


RESULTS AND DISCUSSION 


The results experiments are reported here percent inhibition 
hormone activity produced the lithosperm treatment. This modification 
the data was used since permits comparison assay experiments with 
different end-points, namely responses oxytocin and LH. Since this 
transformation, however, obscures the original data, two representative 
control series are presented Table which illustrate the nature the 
actual responses elicited the two hormones. 

can observed that the standard deviations for the testes weights are 
reasonably satisfactory for experiment this type. The coefficients 
variation (C) are not shown the table but are relatively low. The range 
C’s was from 19.2% for the control group 33.7% for the group which 
the lowest dose hormone. The other two series had values 

Pitocin—Parke, Davis Company. 

The authors also wish express their sincere appreciation Dr. Bryce Douglas and 


Smith, Kline and French Laboratories for the preparation large quantities 
lithosperm powder. 
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20.3 and 25.1%. The difference between the control gonad mean and the 
gonad mean the lowest dosage series was significant the level 
the test. The gonad means for other dosage series also are significantly 
different from the control the test. 

The dose-response line for the data was calculated using the loga- 
rithm dose against the response milligrams testis weight. There was 


TABLE RESPONSES FOWL AND SERIES 


Actual mean testis 
weights! milligrams 

Calculated mean testis 

milligrams 


13.57**+3.41 


| 


10.23 11.63 14.31 
Oxytocin 


Actual mean drop—mm/Hg. 7.6 12.4 14.0 22.8 24.9 34.1 
Calculated mean*** drop- 


11.6 16.0 24.8 29.1 33.5 


animals per group. 

Standard deviation. 

Caleulated from log dose against response milligrams testes. for regression 

=Significant 

*** for regression 


good correlation between the actual mean weights and the calculated 
weights. The for regression gave 10.06 which significant 
the level. the basis these observations and those comparable 
experiments, was decided mix lithosperm with 100 ug. hormone for 
analysis its inhibitory activity against LH. 

The control assay series for oxytocin shown Table representative 
several performed intervals check for potency the hormone 
responsiveness the test animals. possible the Latin square 
correct for the variance due the decline responses which occurs 
successive injections well determine the variance associated wit! 
dosage (17). This permits more exact comparisons mean differences 
could measured individual standard deviations. Accordingly, stand 
ard deviarions are not shown the table. The only means which are 
significantly different are those for 0.03 and 0.04 oxytocin. The 
for regression highly significant 115.0 spite the variability 
duced the deviation the 0.03 and 0.04 dosages. Accordingly, 
two dosage levels oxytocin selected for testing for lithosperm inhibitio 
usually were 0.03 and 0.06 U., but few experiments 0.04 and 0.( 
were employed. Regression equations were using 
dosage against the response measured the drop blood pressure. The 
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the line our experiments was better with actual dose than when log 
dose was used. 

The comparative inhibitory effects extracts overground plant and 
rhizome material vitro tests are summarized Tables and 
that rhizome preparations were more potent than are the over- 
zround extracts. This harmony with data previously reported (5). 


TABLE INHIBITION OXYTOCIN AND LITHOSPERM 


(In Vitro 
Overground plant extracts (A) 


Lithosperm dosage and inhibition 


Preparation Test 
6.25 5.0 mg. 2.5 mg. 1.0 mg. 0.5 mg. 0.1 


DWB 1-280-H 

39.2** 

Oxytocin 
DWB 1-244-H 


Oxytocin 


Oxytocin 


DWB 1-270-H 


1-893-39 


preparations were spray-dried cold-water extracts. Incubation was for two hours 
room temperature 7.4 phosphate buffer. 

Each LH-Lithosperm and control series had animals; animals also were used 
each three levels establish dose-response line. Lithosperm was mixed with 
the middle dosage. 


inhibition from 90% usually was observed with 1.0 mg. 
extract and two instances 100% inhibition were observed with 
little 0.1 mg. Also, 0.01 mg. gave significant inhibition two the 
four tests this dosage. With only one exception, the maximum inhibition 
following the administration overground plant extract the 1.0 
dosage did not exceed 40.6%. The exception was the 97.5% inhibition 
and 41.6% inhibition oxytocin 1.0 mg. preparation 
more detailed analysis the data for the relative activity the 
overground extracts discloses that and DWB 


mg. 
3.3 1.8 
a 
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1-280-H were approximately equal potency against both and oxyto- 
cin. Preparations DWB 1-244-H and 1-893-40, the other hand, were 
definitely more effective the inhibition activity than oxytocin 
action. Extracts DWB 1-270-H and 1-893-39 illustrate phenomenon 
which have observed before and also was reported Graham and 
Noble (9), namely, occurred the dose-response relationship. 
DWB 1-270-H was much more effective the 0.5 mg. dosage than was 
the 5.0 mg. 1.0 mg. doses. Likewise, 1-893-39 
inhibitory effect 1.0 mg. and 0.1 mg., whereas the 5.0 mg. dose 
produced inhibition. 

have satisfactory explanation present for these 
should noted that the rhizome extracts reported here not show this 
reversal. Chemical studies the two types extracts indicate the over- 
ground material chemically more complex than the rhizome extract and 
hope that the fractionation the materials which progress will 
information for the solution this enigma dose responses. 
Table indicates that the relative activity rhizome 


TABLE INHIBITION OXYTOCIN AND LITHOSPERM 
Vitro 


(A) 


5.00 mg. mg. mg. 0.5 mg. 0.1 mg. 0.01 


48-99-H 
48-180-D 
100.0** 


48-148-H 
48-142-H 


48-164-3 

48-99-3 


for two hours 7.4 phosphate buffer. 

LH-Lithosperm and control series had animals; animals also were 
each three Jevels establish dose-response line. Lithopserm was mixed 
the middle dosage. 
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preparations 48-99-H and 48-180-D was comparable against both 
and oxytocin. Preparations 48-148-H, 48-142-H, and 
48-164-3, however, definitely had greater inhibitory effect oxytocin than 
they did LH. Extract 48-99-3 which was the third extract 
sequence four extractions especially interesting. This preparation had 
less inhibitory effect oxytocin than did LH. Unfortunately, this 
extract was not tested below the 0.5 mg. dosage and can not ascer- 
tained, therefore, exactly how potent this material was. would appear, 
however, one the most effective inhibitors LH. 

The data Tables and show that the action both oxytocin and 
was inhibited after vitro mixture with lithosperm. The results sug- 
gest, however, that oxytocin and inhibition may not measure exactly 
the same substance. Fractionation rhizome extracts now progress 
and current results confirm that some fractions which markedly inhibit 
may have little action oxytocin. The two tests, therefore, 
promise provide tools for correlating differences the inhibitory effects 
with differences the chemical structure various fractions. 

vivo assays lithosperm activity obviously are more critical for 
analysis the physiological action the plant extracts than are vitro 
tests. Limited vivo testing leaf powder has been done rats and 
human beings (6) but rapid sensitive vivo assay experimental 
animals lacking. light the suggestion that luteinizing hormone 
probably the major gonadotropin inhibited lithosperm mice, rats, and 
hens, was decided test for vivo inactivation anterior-pituitary LH. 
The hormone and lithosperm were injected subcutaneously different 
sites and the vivo inhibitory action two overground plant extracts and 
five rhizome extracts are presented Table 

One the overground preparations, DWB 1-270-H, and one the 
rhizome preparations, 48-99-H, were previously tested vitro. Both 
preparations also gave inhibition the vivo assay and the latter was 
especially effective. The rhizome preparations again were decidedly more 
potent than the overground plant extracts which confirms the observations 
the vitro tests. Four the five rhizome extracts gave better than 90% 
inhibition the 3.0 mg. dosage and three the five produced 80% more 
inhibition 1.5 mg. Extract 48-248-H was the only one tested 0.75 
and had excellent activity this dosage two separate assays. The 
percent inhibition the two tests was remarkably similar. The two 
extracts which were tested both vitro and 1-270-H and 
48-99-H—were comparable relative activity the two assays. 

for example, produced 93.8% inhibition the 1.0 mg. dosage 
vitro and 100% inhibition 1.5 mg. dosage vivo. 

was encouraging observe these results vivo inactivation 
hormone the lithosperm extracts. This assay has been 
extensively subsequent experiments with new extracts and 
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with fractions prepared various procedures. The test has continued 
give excellent results and are now employing the vivo assay for the 
determination lithosperm activity. The adverse feature that more 
extract needed since each bird receives from one several milligrams 
extract. For example, birds each given 3.0 mg. lithosperm vivo 
would require total mg. whereas, only 3.0 mg. would needed for 
comparable vitro assay. 

One the important problems involved the lithosperm study has 


Total amount lithosperm and inhibition 
Preparation 


3.0 1.5 mg. 0.75 mg. 

DWB 1-270-H! 0.0 


and lithosperm were injected subcutaneously separate sites. total 100 
the hormone and the various lithosperm dosages were given equally divided injections 
hour intervals. Eighteen animals were used each group. 

preparations were overground extracts. All other preparations were rhizome 
material. 

and represent two separate assays. 


been the question the stability extracts. Table presents very few 
our data which bear this point. The results demonstrate that pre- 
‘autions are taken during extraction and materials are stored carefully, 
stable plant extract powders are produced. 

Both vitro and vivo assays were performed using plant 
which were stored for months air-tight containers deep-freeze unit. 
The data Table are limited tests 48-99-H and 
but also have used several other preparations over periods man: 
months. 48-142-H (Table 3), for example, was assayed against 
and LH, was injected into laying hens terminate ovulation, and 
administered day old cockerels study lithosperm effects endog 
enous gonadotropin well endogenous thyrotropin. indicatio 
loss activity has been observed. Likewise, the overground preparatio! 
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1-893-46, (Table has been fully active over twelve-month period 
several different assays. 

apparent from the data Table that the activity the lithosperm 
excellent after six seven months storage. Exact com- 
parisons activity immediately after extraction and after seven months 
storage can made for 48-99-H. the oxytocin test, the preparation 
somewhat greater activity the lower dosages than did initially. 
may have been result the one hour longer incubation period 

TESTS FOR ACTIVITY AFTER STORAGE 


Vitro assay, oxytocin 


Amount lithosperm and inhibition 


Date mg. 0.5 mg. mg. 0.05 mg. 


Tested after hour mixture room temperature. 
Tested after hours mixture room temperature. 
Preparation made 1-5-59. 


employed the second test. Conditions were identical the vitro 
assay and the results the different times are almost identical. Prepara- 
tion 48-108-H also was quite active July but did not have data 
the time extraction enable make comparisons for comparable 
dosages. Likewise, since were not using the vivo assay December 
and January, was not possible make exact comparisons with this test. 
apparent, however, that after seven months storage the two litho- 
sperm extracts have high inhibitory activity. 

the light the results Table and from our experience with the 
her extracts mentioned, feel confident that extracts which have been 
and stored carefully will retain high degree activity over 
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periods many months. possible that there may very slight loss 
activity our data are not conclusive this polnt for any one prepara- 
tion except 48-99-H. Any such loss, however, must very slight 
view the excellent results have obtained with extracts such 
1-893-46 and 48-142-H which have been potent for many months 
variety assays. 

The interpretation these experiments has been based the assump- 
tion that has effect chick testes which can inhibited 
lithosperm. Since objection may raised this assumption, should 
noted that there considerable evidence for specific effect anterior 
pituitary avian testes. However, the possibility that the weight 
increases the testes following injection actually might due the 
presence FSH contaminant this particular preparation also 
should analyzed. 

Studies the effects anterior pituitary gonadotropins birds are not 
extensive those which have been made mammals (18). Unfraction- 
ated pituitary extracts and pregnant mare serum, however, have been used 
frequently. Likewise, investigations designed test the separate actions 
and FSH male birds have been reported and histological studies 
have been made testes cockerels, pigeons, and ring doves following 
gonadotropin treatment anterior pituitary ex- 
tracts, PMS, and combinations and FSH result the growth both 
intertubular and tubular tissues the bird testis. also has been 
observed that administered alone stimulates the growth the inter- 
tubular tissue whereas separate administration FSH accompanied 
enlargement the seminiferous tubules. Even the relatively crude 
preparations used earlier studies (19, 20, 21) resulted weight increases 
and intertubular growth which were accompanied very little increase 
tubular size the hormone was given over short period time. More 
highly purified preparations had comparable action and 
androgen secretion the testis has been stimulated surgically 
chemically hypophysectomized chickens injection (24, 25). The 
histological changes avian testes produced treatment with 
FSH and the increased androgen secretion following treatment, there- 
fore, are harmony with the effects these gonadotropins 
testes and indicate cell stimulating hormone 
the avian testis. 

The possibility that the preparation contaminated with conside: 
able amounts FSH, can analyzed reference additional data. 
same and FSH preparations used this study were assayed recent! 
for their effects testis weights cockerels (26). total 641 chicks 
used these assays. More than FSH was needed produce compa 
able weight increments the testes and the ratio doses was 
mately 2:1. Furthermore, the slope the dose-response lines was signi 
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cantly different for the two preparations which indicated qualitative 
difference the extracts. Table presents additional data illustrating the 
effect male gonad weights the and the FSH preparations. 
slightly modified assay procedure was utilized these experiments. Two 
dosage levels each the hormones were given single injection and 
the chicks were autopsied hours later. may noted that 25.0 ug. 
FSH increased the weights the testes 47.2% and that 50.0 
produced increase This closely approximates the 2:1 dose 
ratio previously reported. The lower dose 12.5 ug. FSH also had 
substantially greater effect gonad weights than did the 25.0 ug. LH. 
This suggests divergence slopes the dose-response lines for the two 


12.5 FSH! 19.1 
25.0 LH? 9.4 


Standard deviation. 

Armour preparation No. 377236. 

Armour preparation No. 377279. 

Hormones were administered subcutaneously one injection with volume ml. 
chicks were autopsied hours later. 


hormone preparations which similar that observed the more 
extensive assays (26). 

Since the two higher doses the hormones gave somewhat comparable 
increments gonad weights, was decided assay for lithosperm inhibi- 
tion against these dosage levels 25.0 FSH and 50.0 LH. Pre- 
liminary tests indicated that more lithosperm was required inhibit the 
than the LH, therefore, more lithosperm was used the FSH assays. 
There was, however, overlapping the four lithosperm dosages which 
permitted three the dosages each group used for factorial 
analysis the data with log-dose interval 0.3010 (17). The LH-litho- 
combinations were considered the and the FSH- 
combinations the total 126 cockerels was 
used the 3X3 factorial analysis. This was vivo lithosperm assay 
the plant extract being given subcutaneously different site from 
hormone but the same time. rhizome preparation, 2-60-19, 
the test extract employed. The data were transformed percent 
simplify comparisons and the results lithosperm inhibition 
FSH and effects gonad weights are presented graphically 
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The regression lines for the four lithosperm dosages each the two 
assays fit the observed values rather well and obvious that lithosperm 
inhibition the action the preparation more marked than the 
inhibition the FSH extract. Calculation values the 3X3 
analysis showed that for the differences between and FSH inhibition 
7.45 (significant level), and for slope 7.23 (significant 
level). The value for the relative inhibitory potency 
lithosperm against was 3.2 times greater than its inhibitory 
against FSH. This illustrated Figure which the 50% level 
inhibition against the four-point assay was indicated 1.15 mg. 
lithosperm and the corresponding 50% level against FSH was 3.90 mg. 

might argued, that the entire increase the gonad weights 
was produced the preparation was due its contamination with 
FSH. Since the increment with 50.0 was 89.8% that pro- 
duced 25.0 ug. FSH, would require the equivalent approximately 
22.0 FSH the 50.0 the preparation bring about 


this increase. (The amount FSH can estimated either proportion 


lithosperm 


Log- Dose 


Fic. Dosages lithosperm are expressed logarithms actual amounts 
The dotted line represents the percentage inhibition 25.0 ug. FSH and the solid 
represents the inhibition 50.0 wg. each dosage level. Control data for the 
control, 25.0 FSH, and 50.0 are given Table 

inhibitory agent. 
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the percentage increases from two-point log-dose response line for 
FSH stimulation). values indicated that approximately 12.0 
mg. lithosperm would needed inhibit this much FSH preparation 
whereas only mg. lithosperm would necessary give complete 
inhibition the actual increase produced 50.0 the prepara- 
tion. seems most improbable that FSH contamination would great 
44% the preparation and the calculated differences the amounts 
lithosperm needed inhibit are too great accounted for chance. 
personal communication from Dr. Davenport the Armour 
Laboratories indicates that FSH present the commercial prepara- 
tion used here. assay data were available for the used these 
experiments but possible that the amount FSH could 10% 
slightly greater. 

the other hand, the possibility should considered that small 
amounts FSH the preparation could act synergistically the 
chick testes. Synergism between gonadotropins male birds, however, has 
not been observed (19, 26, 27, 28). Even the sensitive Weaver Finch test 
(28) failed demonstrate any synergism when several gonadotropins were 
used and there was synergistic effect FSH and combination 
uptake (29). Published data, therefore, not support the supposition 
that synergisti¢ reaction between FSH and would account for the 
weight increases produced the preparation. 

the action the chick testis independent FSH 
effect and the marked differences the inhibition the two hormones 
lithosperm indicates that does have action male chicks and 
that this action can inhibited vivo lithosperm. 
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THE EFFECT HYPOTHALAMIC LESIONS THE 
SECRETION LUTEOTROPHIN! 


Department Physiology, School Medicine, University Pennsylvania, 
Philadelphia, Pennsylvania 


ABSTRACT 


Hypothalamic lesions the median eminence rats induced persistent 
diestrus. lesions were made when the rats were proestrus estrus, 
deciduomata developed response uterine trauma with great regularity, 
whereas deciduomata failed develop lesions were made the last day 
diestrus. About 50% the rats showed eventual recovery some sort 
estrous cycle, whereas all eventually showed loss the deciduoma response. 
Lobuloalveolar development the mammary glands occurred about 50% 
rats with lesions. estrogen was administered concurrently, almost all rats ex- 
hibited lobuloalveolar development. Median eminence lesions also resulted 
retardation mammary involution following removal litters from lactating 
dams. that median eminence lesions lead persistent luteo- 
trophic secretion, and suggested that the hypothalamus exerts 
inhibitory influence the secretion luteotrophin. 


YPOTHALAMIC regulation adrenocorticotrophin (ACTH) 
tion now well established (1). This has led study the 
role the hypothalamus controlling the secretion other trophic 
hormones the pituitary. One these luteotrophin (LTH), the hor- 
mone which according Evans and others identical with hypophysial 
prolaction (2, 3). the case LTH, Benson and Folley’s experiments 
suggested that the neurohypophysial hormone, oxytocin, stimulated LTH 
secretion (4). Our experiments first lent support this possibility, 
that rats bearing hypothalamic lesions that prevented oxytocin secretion 
were found have deficits milk secretion (5). Later, however, found 
that these deficits could not repaired LTH administration, but 
that they could repaired least part hydrocortisone (6). 
concluded that the hypothalamic lesions were interfering with lactation 
interrupting the secretion ACTH rather than suppressing LTH 
the other hand, Everett (7), Desclin (8), and Nikitovitch-Winer and 
(9) reported maintenance LTH secretion hypophysecto- 
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mized rats with pituitaries grafted site distant from the hypothalamus. 
They suggested that the hypothalamus actually inhibits (rather than 
stimulates) the output this trophin since this situation the pituitary 
presumably would not receive hypothalamic neurohumoral agents suffi- 
cient concentration either stimulate inhibit its secretion. 

the present paper the effect central nervous system lesions LTH 
secretion has been investigated, using tests for both the and 
prolactational activities the hormone. preliminary report this work 
has appeared (10). 


METHODS 


Adult female rats the Wistar strain were used for all experiments. They were 
housed constant temperature with hours light per day. Electrolytic lesions were 
made the median eminence the tuber cinereum elsewhere the brain with the use 
the Krieg stereotaxic instrument described previously (5). All lesions were bilateral 
and were made with current mA. for fifteen seconds, except few cases desig- 
nated “small’’ lesions where current mA. for five seconds was employed. the 
case lesions the amygdaloid nuclei several lesions were made bilaterally. 

luteotrophic endpoints were evaluated, females with proven four five-day 
estrous cycles were used, and their cycles were followed the post-lesion period 
vaginal smears performed six seven days week. Lesions were made during various 
stages the estrous assess luteotrophic effects, uterine trauma was administered 
laparotomy scratching the antimesometrial endometrium one horn with burred 
needle (11). The decidual response was evaluated 4-5 days later laparotomy and 
uterine traumatization was repeated, the opposite uterine horn was traumatized. 

lactational endpoints were evaluated, lesions first made cycling fe- 
males during estrus and nine eleven days later their mammary glands were examined 
grossly and microscopically. correlate luteotrophic with prolactational effects uterine 
trauma was administered most these rats days after the lesions were 
and the deciduoma response evaluated also. another series experiments, lesions 
were made estrus and daily injections 0.2 estradiol benzoate 
were given for days beginning the day operation. series unoperated contro! 
rats received estrogen for days also, and the end this time the mammary glands 
both groups were examined. final set experiments. lesions were made the 
median eminence lactating dams the fourth sixth day lactation and thei: 
litters removed the same time. Nine days after lesions had been placed, the mam- 
mary glands were examined and compared with those from group unoperated 
trol rats whose litters had been similarly removed. 

Serial sections the hypothalamus and pituitary were cut and every tent!) 
section stained and evaluated microscopically (5). Serial sections the 
glands were cut and stained with haematoxylin and eosin. 


RESULTS 


The Effects Lesions the Median Eminence the Estrous 
the Rat. reported earlier Dey the guinea pig (12), these media: 
eminence lesions uniformly resulted state persistent vaginal 
the rats were operated upon during proestrus, they frequently 
cornified smear the day following operation, then passed from mete: 
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trus into diestrus. operated upon estrus, they usually passed from 
metestrus into diestrus, and operation was performed diestrus, the 
animals remained that condition. Frequently, massive numbers 
leucocytes were found the smears during the first few postoperative days. 

Seven rats whose cycles were followed for long period time 
showed recovery some sort activity, with the first estrus 
ring 19-192 days after the lesions were produced. Those rats exhibiting 
seldom reverted activity. For example, one 
rat followed for 180 days came into vaginal estrus day after lesions 
and had only three periods estrus during the entire 180 day period 
observation. cycles were seen. One rat was 
studied for four months, and four others were followed for five months 


TABLE 1. UTERINE RESPONSE TO TRAUMA IN RATS WITH VARYING TYPES OF BRAIN LESIONS 


Number Positive deciduom: 
Type central nervous system intervention 


rats tested responses 
Electrode passed into median eminence, 


Median eminence lesions 100 


without evidence cyclic behavior. One additional animal was observed 
for eight months with sign recovery. 

The Uterine Response Trauma Rats with Lesions Various Parts 
the Brain. The development deciduoma response uterine 
trauma was taken evidence LTH secretion (2) and was studied after 
variety brain lesions, produced when the animals were estrus. 
Partial destruction the amygdaloid nucleus, although inducing diestrus 
for variable periods time, gave rise deciduoma formation only 
one rats studied (Table 1). Lesions the dorsal hypothalamus, 
the other hand, induced variable periods diestrus and also gave rise 
positive decidual responses uterine trauma the cases studied. 

evaluating the effect median eminence lesions, sham operations 
were first studied. Simply passing the electrode into the median eminence 
the tuber cinereum failed alter the estrous cycle seven rats, and 
uterine response trauma was negative all four cases where was 
evaluated. contrast, all but one the eighteen rats which the lesions 
designed destroy the median eminence reacted developing decid- 
when their uteri were traumatized for the first time. The excep- 
animal responded with deciduoma when its uterus was traumatized 

second time. 

When the uterus was traumatized varying intervals time following 
this same group rats and six additional animals, definite 
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pattern responses evolved (Fig. 1). The incidence and size the decidual 
responses was greatest the early period from days postoperatively. 
The frequency and degree response then rapidly declined, such that 
rats whose uteri were scratched more than days after hypothalamic 
intervention rarely responded. positive responses were elicited when 
uterine trauma was administered 180 days after median eminence 
lesions had been made. Thus, twenty twenty-one tests performed 
4-11 days post-lesions were positive. contrast, only tests made 
more days after lesions resulted development deciduoma. 
These results not seem have been influenced the frequency 
uterine traumatization; for example, three out three rats retraumatized 
the opposite uterine horn only four days after the first test responded 


Deciduoma responses uterine 


trauma administered varying periods 

time after lesions were made the median 
2 10 
eminence. Responses are graded from zero 

plus, where zero equals negative re- 
action and maximal deciduoma. 


16-22 22-180 
Days Post Lesion 


positively when this second trauma was administered within the first eleven 
days post-lesion. contrast only cases traumatized the opposite 
horn developed deciduomata, when the second trauma was administered 
more than eleven days post-lesion even though the interval between 
was days. The two that did respond were retraumatized 
and 21. Furthermore, cases uterine trauma was administered for 
the first time several months after lesions and deciduomas formed. 
Results from any rats which came into estrus prior reading the uterine 
response were not considered the above discussion. 

Also interest the fact that second deciduoma was elicited the 
opposite horn four rats with pre-existing deciduoma the 
side. four other cases, pre-existing deciduoma persisted spite 
the failure trauma the opposite horn elicit positive response. 

The Effect the Stage the Estrous Cycle Which the Lesion was Mad 
the Uterine Response Trauma. Although the hypothalamic lesions 
the preceding series experiments were all made when the rats were 
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estrus, number rats had lesions produced other stages the estrous 
(Fig. 2). these experiments uterine trauma was administered 
days post-lesions since this appeared within the optimal time interval 
for development deciduomata. five rats operated upon when 
proestrus, four reacted uterine trauma with development deciduo- 
mata, although these tended somewhat smaller than the series 
animals operated upon while estrus. marked contrast the positive 
findings rats where lesions were made while the animals were estrus 
proestrus, seven rats operated upon the last day diestrus 
day only one thirteen responses uterine trauma was posi- 
tive. 

Effects Hypothalamic Lesions the Mammary Glands. The develop- 


lesions made various stages the 
estrous cycle. was 
tween the fourth ninth day after lesions 
were made, 


Estrus Proestrus Last Day 
of 


Diestrus 


ment deciduomata rats bearing central nervous system lesions indi- 
cated that these rats were secreting LTH. was interest see 
effect was produced the mammary parenchyma well. was noted 
that mammary development did take place some but not all the rats 
hearing lesions. Histological examination these glands revealed this 
lobuloalveolar development similar that seen pseudopregnancy 
(Fig. 3). Table shows that such development occurred rats 
with lesions made during estrus study this phenomenon. Five the 
rats that showed lobuloalveolar development were also tested for decid- 
formation and yielded positive responses. Since four the rats 
‘hat failed exhibit lobuloalveolar development formed deciduomata, 
clear that mammary and uterine responses did not always correlate. 
Median eminence lesions appear decrease estrogen secretion the 
ovary via suppression gonadotrophin release (6). Since estrogens are 
lobuloalveolar development (13), estrogen replacement ther- 
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TABLE COMPARISON DECIDUOMA AND MAMMARY RESPONSES RATS WITH MEDIAN 
EMINENCE LESIONS 


No. Rat 


Deciduoma response 
Lobuloalveolar 
Correlation 


Responses graded from zero four, where zero equals negative response and 
maximal one. 
Indicates the test was not performed. 


apy was given during day period non-operated control rats and 
another series rats bearing lesions the median eminence (Table 3). 
treatment was begun the day operation and, again, the 
experiment was begun when the rats were estrus. All the eleven 
estrogen-treated controls showed some ductal and slight lobular develop- 
ment, but only three the twelve showed definite lobuloalveolar develop- 
ment gross and microscopic study. one these three rats, pseudo- 
pregnancy had apparently been induced judged the smear 
contrast the behavior the estrogen-treated controls, ten eleven 
rats bearing lesions treated with estrogen for ten days post-operation gave 
clear cut evidence marked lobuloalveolar development (Fig. 4). some 
cases there was almost full lactational development with secretion-filled 
alveoli. 

Further evidence for the mammotrophic effects these lesions was 
sought using lactating female rats. Litters were removed from these fe- 
males the fourth sixth day lactation, and nine days later the 
mammae were examined grossly and microscopically. The results are set 
forth Table and Figure control rats without lesions nearly 
complete mammary involution had supervened. contrast, involution 
was retarded slightly and greater extent 
lesions the median eminence. Microscopic examination the vagina 
from some the rats this group was carried out. Nine twelve the 
rats with lesions had mucified vaginas, indication progesterone and 


TABLE 3. Errecr OF CONCURRENT ESTROGEN TREATMENT ON LOBULOALVEOLAR 
DEVELOPMENT IN RATS WITH LESIONS 


Lobuloalveolar development! 


Type rat 


controls 
rats with median eminence lesions 


Responses were graded from zero four, zero representing little lobuloalveola 
development and four maximal development with secretion filled alveoli. 
Number rats with this 


The dose estregen employed did not induce constant vaginal 
any the rats. 
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3-5. Representative sections through the mammary glands magnified 200 
times. 
rat with median eminence lesion produced days earlier. 
rat treated with 0.2 ug. estradiol benzoate for days. 
animal with median eminence lesion treated with estradiol. 
control rat days after removal its litter. 
animal with median eminence lesions days after removal its litter. 
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hence LTH secretion (14), whereas only two six control rats exhibited 
mucification. Since mucification cannot occur the absence estrogen, 
some the rats must also have been secreting estrogen. 

Location Hypothalamic Lesions. The lesions the median eminence 
were similar those described earlier work (5). brief, the median 
eminence was destroyed nearly completely destroyed lesions which 
began either just behind the optic chiasm and extended back 


TABLE 4. EFFECT OF MEDIAN EMINENCE LESIONS ON MAMMARY INVOLUTION 


Retardation involution! 
Type rat 


Controls? 


Responses graded from zero four, where zero equals completely involuted gland, 
and four gland which lactational condition. 


All rats, both control and those with lesions, injected thrice daily, intraperitoneally 
with ml. saline. 


Number rats with this response. 
The results this group were previously reported (5). 


the pituitary stalk just rostral this structure. some cases the stalk 
itself was destroyed. The pars destalis the pituitary was either normal 


reduced size, and sometimes contained unilateral bilateral sears 


DISCUSSION 


The development deciduomata rats with median eminence lesions 
clearly indicates persistent LTH secretion these rats. Thus, denerva- 
tion the adenohypophysis, either hypothalamic lesions, its 
transplantation distant site (7, leads persistent secretion 
LTH. 

effort determine the duration the LTH secretion, uterine 
traumatization was performed varying intervals time post-lesions. 
Responsiveness uterine trauma did not continue indefinitely. 
rats with lesions developed deciduomata with great uniformity for the 
twelve days, after which the percentage positive responses rapidly 
clined. Deciduomata often persisted for more than days post-lesion: 
and then gradually disappeared. 

the uteri pseudopregnant rats are scratched, responsiveness 
trauma lost after only six days (15), compared the days rat 
with lesions, suggesting that the duration LTH discharge rats wit! 
lesions greater than that found that condition. The persistence 
deciduomata for periods longer than the day duration pregnancy (16 
also argues for more prolonged period LTH discharge some th: 
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rats with lesions than pregnancy. Thus, rather protracted secretion 
luteotrophin was demonstrated rats with lesions. 

and Everett (8), reported that rats with pituitaries 
transplanted the kidney capsule responsiveness uterine trauma was 
maintained indefinitely. This contrast our results the rat with 
lesions where responsiveness trauma was lost. those rats with lesions 
which recovered estrous cycles which trace the median eminence 
was left intact, this loss uterine responsiveness can explained 
partial recovery normal hypothalamic function; however, not 
possible explain this basis the loss responsiveness found the 
other rats which the median eminence was completely destroyed and 
failed recur. The explanation here not apparent, although 
could due partial recovery gonadotrophin secretion such that 
estrogen was secreted sufficient amounts inhibit the decidual response 
progesterone (17). 

The fact that lesions the dorsal hypothalamus frequently evoked 
discharge LTH deserves further study evaluating the effects lesions 
various loci LTH discharge. 

Nikitovitch-Winer and Everett (8) reported that grafting the pituitary 
the kidney when the rat was proestrus was not followed posi- 
tive response trauma, unless new corpora were artificially formed 
suggesting that responsiveness the corpora LTH lost toward the 
end the estrous the present series, deciduomata could in- 
duced, though they seemed reduced size, lesions were made 
during proestrus, but were quite uniformly absent lesions were made 
the last day diestrus. Since the lighting schedule our colony different 
from that employed Everett and Nikitovitch-Winer (9), possible 
that rats operated upon proestrus our experiments had, fact, 
ovulated the time the hypothalamic intervention and thus had fresh 
corpora. this so, then the present results can reconciled with those 
Nikitovitch-Winer and suggest loss responsiveness corpora late 
the 

effort determine LTH secretion was augmented sufficiently 
the lesions affect the mammary glands, they were studied, and 
was found that lobuloalveolar development did take place about 50% 
the rats. interest that Rothballer (personal communication) has 
also observed lobuloalveolar development cats following stab wounds 
the tuber cinereum. supplementary estrogens were administered 
all animals with lesions showed marked lobuloalveolar develop- 
ment. This finding suggests that the estrogen levels some the rats 
vith lesions were too low permit lobuloalveolar development. Since 
‘obuloalveolar development complex process requiring estrogen, pro- 
LTH, and growth hormone the hypophysectomized rat (13), 
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necessary know the effects hypothalamic lesions the secretion 
each these four hormones before attempting assign cause the 
lobuloalveolar development which occurs animals with lesions. Secre- 
tion estrogen is, all probability, decreased median eminence lesions 
shown the work Gale (6) and the ability exogenous estro- 
gens augment the lobuloalveolar development seen here. conclusive 
evidence available concerning growth hormone secretion after such 
lesions, but stunting growth can (Mack and 
lished observations, 18), seems unlikely that secretion growth 
hormone enhanced. Thus, exclusion, the lobuloalveolar development 
induced lesions probably due release LTH which acts concert 
with the progesterone also secreted produce lobuloalveolar development, 
providing estrogen levels are adequate. 

Because the complex nature mammary control, the effect lesions 
mammary involution was also evaluated. the rat, retardation 
mammary involution can produced most readily LTH oxytocin 
(4, 19), and smaller effect also obtained with cortical hormones 
(19, 20). The secretion oxytocin and corticoids thought decreased 
median eminence lesions (5, 21). Consequently, retardation mam- 
mary involution observed rats with lesions appears related 
discharge LTH. Since the luteotrophic and effects the 
lesions can correlated, the results are consistent with the thesis that 


and LTH are identical the rat. 


1949, Jacobsohn reported that estrogen evoked secretion the 
mammae stalk-sectioned rats and interpreted this indicating that 
estrogen could stimulate LTH discharge from the denervated pituitary 
(22). Such mechanism could explain, least part, the augmented 
lobuloalveolar development seen the estrogen-treated rats with lesions 
but can not explain the lobuloalveolar development retardation 
mammary involution seen rats with lesions which were not given exog- 
enous estrogens. Endogenous estrogen secretion appears deficient 
these rats noted above and could hardly have played such role. 

the same time that persistent LTH discharge 
with lesions, the output other gonadotrophins appears suppressed 
Rats with lesions remain diestrus, their uteri are often atrophic, and 
although the corpora are well maintained least for time, the remainder 
the ovary usually resembles that hypophysectomized rat (Gale 
unpublished, 23). Indeed, number conditions the rat 
such pregnancy, pseudopregnancy (24), the use tranquilizers (25), 
denervation the pituitary, whether produced hypothalamic lesions 
secretion the one hand and the secretion the other gonadotrophins 
the other. could argued that the primary effect the lesions was 
inhibit the secretion follicle stimulating hormone (FSH) and luteinizin 
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hormone (LH). Then unknown mechanism intrinsic hypophysial 
cells luteotrophin secretion would Current evidence suggests that 
the basophiles secrete FSH and LH, whereas LTH secreted eosino- 
philes (27). seems unlikely that decreased secretion FSH and 
would affect the secretion another cell type. Rather seems 
more plausible speculate that gonadotrophin-releasing factor stimulat- 
ing discharge FSH, and, may simultaneously inhibit LTH dis- 
charge. Thus, the absence inhibitory central nervous system influences 
mediated the hypothalamus LTH secretion would enhanced. seems 
almost certain that enhanced these rats with lesions which denervate 
the hypophysis since, addition the formation deciduomata and 
lobuloalveolar development the mammae seen here, such rats with le- 
sions secrete adequate amounts LTH maintain lactation (6). 

The role oxytocin LTH discharge must now considered doubt- 
ful one since the secretion rate LTH augmented the presence 
lesions known block secretion oxytocin (5). Oxytocin delays mam- 
mary involution (4, 19), and this action absent hypophysectomized 
rats (4), even when the responsiveness the mammae presumably main- 
tained injections hydrocortisone and LTH and Friedman, 
unpublished). This latter finding suggests action mediated via the 
pituitary and hard reconcile with local action oxytocin the 
mammae delaying involution suggested Meites (27). spite 
this, effects have been unattainable with this hormone (10), 
hut our findings are not agreement this respect with some other 
workers (4, 28, 29). Perhaps the most likely interpretation that oxytocin 
can release from the pituitary small amounts mammotrophic hormones, 
such LTH and possibly ACTH, which, acting together, are sufficient 
retard mammary involution, while the quantity prolactin alone in- 
sufficient effect the corpora. still conceivable that this action 
oxytocin might play physiological role lactation since oxytocin re- 
leased during suckling the infants. This oxytocin may find its way the 
pituitary high concentration via the hypophysial portal vessels and 
release supplementary mammotrophins; however, from the results with 
lesions given here, seems likely that augmented LTH secretion lacta- 
pregnancy mainly due withdrawal the hypothetical in- 
hibitory neurohumor. 
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PLASMA HYPOPHYSECTOMIZED 
RATS INJECTED WITH 


AND CHAIKOFF 


Departments and Anatomy, University California, Berkeley, California 


ABSTRACT 


Hypophysectomized rats low- regular iodine diet were injected with 
large doses (250 1,000 either with without iodide carrier. 
Plasma was obtained hours later, and dialyzed remove inorganic 
iodide. Concentrated butanol extracts plasma and pancreatin digests 
plasma were chromatographed, and distribution the chromatograms 
was determined counting sections the paper scintillation well-counter, 
use automatic paper scanner, radioautography. 

was detected the plasma the hypophysectomized rats 
but, relation the injected dose was less than the amount ob- 
served normal control rats injected with we. This low level 
probably reflects small residual thyroid function hypophy- 
sectomized rats, although interpretation the results was complicated 
radiation damage the thyroid. 


PREVIOUS report from this laboratory (1) demonstrated that thy- 

roxine formation the rat thyroid reduced extremely low levels 
the absence the pituitary. With the filter paper chromatographic 
procedure described that communication, were unable demon- 
strate the presence the plasma hypophysectomized 
rats that had received 500 ue. 

However, the turnover thyroxine the thyroid hypophysectomized 
rats, although drastically reduced, not zero. Moreover, biological evi- 
dence, cited the previous report (1), suggested that the thyroids hy- 
pophysectomized rats may secrete minimal amounts thyroxine into the 
circulation. seemed worthwhile, therefore, apply the more sensitive 
chromatographic procedure described the immediately preceding papers 
(2, the plasma hypophysectomized rats that had received large 
radioiodide. Such experiments are described below. 


METHODS 


Female, Long-Evans rats were hypophysectomized days age the 
parapharyngeal approach. They were fed the standard laboratory diet 
which described the preceding paper (2) 


composition 
and, addition, received wet mash 
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the same diet every afternoon. The temperature the room which they were 
maintained was 76+1° Starting the day operation, they received two daily 
injections ml. 0.5% terramycin glucose per 100 gm. body weight. There- 
after, the same dosage terramycin was injected every days. The rats were selected 
for experimentation the basis immediate cessation growth, impaired muscle 
tone, persistence juvenile hair, and failure vaginal membrane rupture. Complete- 
ness the operation was further confirmed autopsy examination the sella 
turcica with the dissecting microscope. rats used the present study, three were 
rejected incompletely hypophysectomized, and two died during the experimental 
period. 

Four separate experiments were performed. Table records the number animals 
used each experiment, well other pertinent information (age, diet, dosage, 
ete.). 

Standard metabolic rates were determined Experiment previously deseribed 
(4). Thyroid uptakes were determined counting aliquot the gland after 
had been dissolved 

Chromatography plasma was performed exactly outlined the preceding 
papers (2, 3). Experiment the paper chromatograms were cut into sections for 
counting the well-counter. Experiments the chromatograms were analyzed 
with the paper scanner and, some radioautography. 

Further details the particular experiments are included below with the results. 


RESULTS 


Thyroid Uptake and Body uptakes and body 
weight increases are shown Table Thyroid uptakes were somewhat 


hypophysectomized rats low-iodine diet than hypophy- 


sectomized rats regular iodine diet, observation previously reported 
Goldberg al. (5). However, the uptakes both groups were greatly 
depressed below norma!. Body growth was diminished about the same 
extent all the hypophysectomized rats, regardless iodine intake. 

Standard Metabolic Rates.—Standard metabolic rates were determined 
the rats Experiment few days before autopsy. shown Table 
the metabolic rates hypophysectomized rats were depressed levels 
low those attained after complete thyroidectomy. This agreement 
with results previously reported (4). 

Chromatography Butanol Extracts Plasma.—The distribution 
chromatograms concentrated butanol extracts plasma illustrated 
Figures and Figure results are presented the form bar 
graphs for plasma obtained from two the hypophysectomized rats 
Figure shows results obtained with the 
scanner, using plasma from two hypophysectomized rats Experiment 
Both figures include, for comparison, results obtained with plasma fron 
completely thyroidectomized rats and normal controls. 

apparent from figures and that plasma from hypophysecto 
mized rats showed activity peak coinciding with the thyroxin 
marker, whereas such peak was observed the plasma from the thy 
roidectomized rats. Plasma from hypophysectomized rats low-iodin 
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diet generally showed greater peaks than did plasma from 
hypophysectomized rats regular iodine diet. 

However, the plasma the hypophysectomized rats, 
although detectable, was depressed far below the normal level. The normal 
control rats injected with only showed more activity the 
thyroxine section (Figs. and the chromatograms than did hypophy- 
sectomized rats injected with 450 500 ue. not surprising, 
therefore, that the chromatographic procedure used the previous study 
(1) failed detect the plasma hypophysectomized rats. 
The former procedure employed only ul. plasma the filter paper 
chromatogram, contrast the present procedure which permits the 
equivalent almost 1.5 ml. plasma chromatographed. 

Plasma chromatograms hypophysectomized rats, like those thy- 
roidectomized rats, showed appreciable activity near the solvent front 
(Figs. and 2). This activity very likely extrathyroidal origin, and 
probably represents the same components both hypophysectomized and 
thyroidectomized plasma. indicated the preceding paper, the high 
value suggests iodinated lipid. 

Chromatography Whole Plasma.—Chromatograms whole dialyzed 


chromatograms concentrated 
1.5 ml. dialyzed plasma. 
Abscissa denotes seétion chromatogram, 
starting with origin, width bar being 
proportional area section. Ordinate 

counts per minute above back- 
HypX 450 ground determined scintillation well- 
counter. 


Hypophysectomized rat Experi- 
ment low-iodine diet. 

Hypophysectomized rat Experi- 
ment regular iodine diet. 

ment (see Table low-iodin: 
diet. 

Normal control rat Experimen 


Normal Spe 


Counts per Minute Above Background 


Symbols: origin; section corr 
sponding thyroxine carrier; 
front; HypX, hypophysectomized; 
thyroidectomized. 

Chromatographing solvent: collidin: 

Section Chromatogram 
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| HYPOPHYSECTOMIZED ] 
automatic paper scanner. All rats received 
and Plasma from hypophysec- 


Plasma from normal control rat 
Experiment 

mized rats Experiment preceding 


paper (2). THYRO DECTOMIZED 


\27 


-aterea, a. 


plasma from hypophysectomized rats revealed picture very similar 
that observed thyroidectomized rats (2). The major peak occurred 
the origin, and represented peptide. 

livers from few the rats Experiment were chromatographed 
the preceding paper (2). Butanol extract undigested liver: 
Although was definitely present the area corresponding the thy- 
roxine marker, some this I'*! may have arisen through trailing fairly 
radioactive component with greater than that thyroxine. Livers 
normal control rats showed well-defined, small peak corresponding the 
marker. Butanol extract digested liver: peak occurred the area 
corresponding monoiodotyrosine, but there was little, any, peak the 
area, and none corresponding the thyroxine marker. 

Chromatography Butanol Extracts Digested Plasma.—In Experiments 
and chromatography was performed plasma digests well 
undigested plasma. Plasma was pooled from two more rats permit 
procedures carried out with the same starting material. 

Chromatographic findings plasma obtained from one the hy- 
rats Experiment injected with 250 ue. are 
Figure The chromatogram the butanol extract plasma 
(ig. reveals definite activity peak corresponding the thyroxine 
However, peak somewhat greater magnitude was observed 
chromatogram plasma from normal control rat injected with 
we. (fig. 3C). This again illustrates that thyroxine secretion 
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the hypophysectomized rat, although detectable, depressed 
low level. 

The chromatogram the plasma digest (fig. 3B) indicates the appear- 
ance three new components, labeled and These correspond, 
the basis values, diiodotyrosine, monoiodotyrosine, and iodide, 
respectively, although stable iodotyrosine iodide markers were 
for color development and matching with the radioactive Similar 
peaks were observed for all four plasma samples this group. 


grams dialyzed plasma from hypophy- 


sectomized and normal control rats Ex- 
HYPOPHYSECTOMIZED 250 periment 


pooled plasma from 
physectomized rats, each injected 

pancreatin digest same plasma 
The peaks marked and 
monoiodotyrosine, 
spectively. 

plasma from normal control rat in- 

pancreatin digest same plasma 


40 


CONC. BUOH EXTRACT DIGEST 


8 


° 


BUOH EXTRACT PLASMA DIGEST 


T4 


Symbols: origin; position 
added thyroxine marker; solvent 
front. 

Chromatographing 
water-ammonia. 


SF 


Figure illustrates the findings with plasma from the hypophysecto- 
mized rats injected with 500 The results are similar those 
shown Figure except that the activity peaks are larger. Most out- 
standing, however, the proportionately much larger peak the 
tyrosine area, labeled Figure 4B. (In the following discussion, 


has not been the practice this laboratory routinely add iodine 
markers during chromatography because the possibility slight exchange 
ring between the unlabeled iodine atoms the marker and labeled iodine atoms alre: 
solution. Time did not allow the proper testing the effects added 
these experiments (except for thyroxine), and seemed best therefore omit 
The identification the iodotyrosines was based knowledge the 
distribution pattern gained many previous experiments which 
pounds thyroid and plasma were chromatographed. 
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likely assumption that peak diiodotyrosine although markers were 
added for positive identification.) The finding diiodotyrosine the 
digest interpreted indicate that radiation damage must have 
the thyroid gland, thus allowing thyroglobulin leak into the 
The very small diiodotyrosine peak Figure 
administered hypophysectomized rats low-iodine diet, and the 
hromatograms plasma digests revealed extremely large peaks for di- 


500 


Concentrated butanol extract 1.5 
ml. plasma pooled from two rats. 


HYPOPHYSECTOMIZED 500 


tyrosine, mopoiodotyrosine, and io- 


dide, respectively. 


Symbols: origin; position 
added thyroxine marker; solvent 
front. 

Chromatographing 
water-ammonia. 


iodotyrosine. radioautograph one these illustrated 
Figure resembled digest thyroglobulin. This contrast re- 
sults obtained with thyroidectomized rats, which significant peak for 
diiodotyrosine was observed plasma chromatograms, even after admin- 
istration 900 ue. (3). These findings leave little doubt that the 
radiation-damaged thyroid gland was the source the diiodotyrosine that 
appeared the plasma the hypophysectomized rats. 

Chromatography Other Solvent Systems.—The question arose whether 
the that was associated with the thyroxine marker the chromato- 
grams plasma from hypophysectomized rats might some other iodo- 
which does not separate well from thyroxine the collidine- 
water-ammonia solvent. Experiment therefore, concentrated butanol 
extracts dialyzed plasma were prepared replicate permit chromato- 
the same plasma developed with three different chromato- 
solvents: collidine-water-ammonia; butanol-ethanol-2N 
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5:1:2; and tertiary alcohol-ethanol-2N NH,OH, 5:1:2. Radioauto 
graphs chromatograms prepared all these solvents showed dark 
band corresponding outline the thyroxine marker. There 
little, any, radioactivity corresponding the values the othe: 
iodothyronines. There can little question, therefore, that the major I'*! 


S.F. 


gram prepared from butanol extract 
pancreatin digest plasma pooled from 
hypophysectomized rats with 
Solvent collidine-water-ammonia. 

The band marked coincided exactly 
outline with added thyroxine marker. 

The other bands are most probably: 
diiodotyrosine; monoiodotyrosine; and 
iodide. 

Symbols: origin; solvent front. 


iodothyronine the plasma these hypophysectomized rats was 


roxine. 


DISCUSSION 


The procedure used this investigation 
identified the plasma hypophysectomized rats 
with large doses However, conversion radioiodide 
thyroxine hypophysectomized rats was depressed far below the norn 
rate. This well illustrated Figures which compare the 
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the plasma hypophysectomized rats that received 250 500 
‘Vhile quantitative comparisons are difficult for reasons previously out- 
ined (1), appears that thyroxine secretion the absence the pituitary 
decreased the order the normal rate. 

Since was necessary inject large doses into hypophysecto- 
rats demonstrate I'*!-thyroxine plasma, this raised the question 
radiation damage the thyroid and its possible effect the results 
here. The damage was quite apparent hypophysectomized rats 
low-iodine diet, that received 1,000 carrier-free 4). The 
thyroids many these rats, examined with the dissecting microscope 
showed diffuse hemorrhagic areas. Moreover, the chromatograms 
pancreatin digests plasma showed strong diiodotyrosine band (Fig. 
5), finding that was interpreted indicate leakage thyroglobulin from 
the thyroid into the circulation. Evidence for this follows: Thyroid 
glands hypophysectomized rats injected with had previously been 
shown (1) contain which and 
were the major iodinated amino acids. 
tyrosine was previously observed hydrolysates prepared from the plasma 
normal rats that received thyroid-damaging doses (6). When 
large doses were injected into thyroidectomized rats (2, 3), 
diiodotyrosine was observed plasma digests. The presence I'*!-diiodo- 
tyrosine plasma digests, therefore, useful index radiation damage 
the thyroid. 

The thyroids the hypophysectomized rats injected with 500 ue. 
did not show hemorrhagic areas under the dissecting microscope. However, 
the plasma digests showed definite diiodotyrosine band (Fig. 4B), indi- 
cating leakage thyroglobulin into the circulation. 

plasma digests from hypophysectomized rats injected with 250 ue. 
the diiodotyrosine peak was quite small (Fig. 3B), suggesting only 
minimal radiation damage the thyroid. The finding 
the plasma these rats, therefore, probably not result radiation 
damage, but rather reflection residual thyroid function the absence 
pituitary. However, difficult certain that slight damage the 
thyroid, even rats injected with 250 ue. did not contribute 
leakage from gland plasma. 

While may appear doubtful from the results reported here that the 
low level thyroxine secretion the hypophysectomized rat capable 
supporting any biological function, evidence bearing this question has 
reported Scow (7). found that extirpation both the pituitary 
the thyroid had greater depressing effect body growth rats than 
hypophysectomy alone. Moreover, the growth rate his hypophy- 
rats was improved daily injection 2.5 
DL-thyroxine. 
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Protein-bound iodine levels the plasma hypophysectomized rats 
were determined study carried out this laboratory 1945 (8). 
was observed that PBI levels dropped rapidly after removal the pitui- 
tary, and reached values which were reported about 50% normal. 
These low values, however, had very little absolute significance since they 
depended upon colorimeter readings which differed only slightly from those 
given the reagent blanks. The same method, applied later study 
plasma from thyroidectomized rats (9), yielded PBI values which did not 
differ significantly from those obtained with the hypophysectomized rats. 
would interest apply improved PBI procedure the simul- 
taneous measurement circulating thyroid hormone levels hypophy- 
sectomized and thyroidectomized rats. 
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GROWTH RESPONSE THYROIDECTOMIZED RATS 
HIGH LEVELS IODIDE! 


Anatomy and Physiology, University California, Berkeley, California 


ABSTRACT 


Large amounts iodide mg.) were injected into groups young 
male rats which growth had ceased following thyroidectomy. immediate 
resumption growth occurred all animals and was more vigorous those 
receiving the highest levels. The pituitaries the thyroidectomized rats in- 
jected with iodide were distinguishable from untreated thyroidectomized con- 
trols the presence few more acidophils and improvement those 
basophils which are considered gonadotrophs. There 
improvement the morphology and function the Leydig cells the testes. 
The atrophic adrenals the other hand, showed evidence repair. The 
rates, measured just before autopsy, all thyroidectomized rats 
that received iodide were not significantly different from those untreated 
thyroidectomized 

The sensitive procedure described the preceding com- 
munication (1) was applied plasma, plasma digests, and liver digests both 
iodide-treated and untreated thyroidectomized rats after the terminal adminis- 
detected, even rats whose growth rate had been markedly stimulated 
iodide injections. The suggestion made that iodide itself high concentra- 
tions may exert thyroxine-like effect tissues. 


LTHOUGH the preceding experiments (1) failed demonstrate extra- 
thyroidal thyroxine formation thyroidectomized rats maintained 
low moderate iodide intakes, could argued that thyroxine syn- 
thesis might have occurred the presence high levels iodide. sup- 
port this contention, Purves and Griesbach (2) and Hum, Goldberg and 
Chaikoff (3) have reported that high levels iodide partially prevented the 
degranulation pituitary acidophils which occurred after thyroidectomy 
rats. Since the acidophils are considered the source growth hor- 
mone (2, 6), might anticipated that young thyroidectomized 
rats treated with iodide would show growth stimulation. order test 
this premise, large amounts iodide were injected into groups immature 
rats which growth had ceased following thyroidectomy. These experi- 
ments will now described. 


March 25, 1960. 
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MATERIAL AND METHODS 


Male rats the Long-Evans strain were surgically thyroidectomized days 


age. Some the rats were, addition, placed the low iodine diet (1) for one wee 
after surgery and then injected with one millicurie carrier-free destroy 
thyroid remnants which may have escaped surgical removal. All the rats were 
the regular iodine diet (1), and were selected for experimentation days 
thyroidectomy the basis body growth stasis. the preceding study all 
subjected combined surgical removal and destruction thyroid tissue met this 
criterion whereas only 50% the surgically thyroidectomized rats ceased 
The completeness thyroidectomy was also checked autopsy examining 
entire developmental path the thyroid for concentrating tissue previousiy 
(1). 

Potassium iodide was injected single daily subcutaneous doses ranging from 
mg. iodide for 210 days the surgically thyroidectomized group. Normal rats 
the same age were also injected with these doses for the same period. The group sub- 
jected combined surgical removal and destruction thyroid tissue was injected 
with mg. iodide for days. The solutions were prepared fresh weekly and stored 
dark bottles the refrigerator. 

The rats were weighed every days and body lengths (tip nose tip tail) were 
measured the beginning and end the iodide injections. rates were deter- 
mined one week before autopsy the method previously described (1). 

Seventy-five hours before autopsy and hours after the last iodide injection all 
thyroidectomized rats received approximately one millicurie autopsy the rats 
were exsanguinated via the abdominal aorta and plasma and liver samples 
pared for analysis the sensitive procedure previously described (1). 

The pituitary, adrenals, testes, seminal vesicles (full), entire prostate, and thyroid 
(of intact rats) were weighed. The pituitaries were fixed sublimate-formol (9:1) and 
after nitrocellulose embedding were sectioned horizontal plane. Representa- 
tive sections from five levels each gland were stained the*Mallory-Azan method 
(M-A), and also the periodic acid Schiff-iron hematoxylin-orange technique 
(PAS). The adrenals were fixed 10% formol, embedded gelatin, frozen, sectioned 
and stained with Sudan black. The testes all animals and the thyroids intact 
rats were fixed Bouin’s fluid, embedded paraffin, sectioned and stained with 
hematoxylin and eosin. 

RESULTS 
Growth 


The resumption growth the surgically thyroidectomized rats 
jected with iodide shown Figure During the period iodide injec- 
tions, the average gain weight for the rats that received and mg. 
iodide daily was 132+9 and the average increase length 
5.3 +0.3 em. The corresponding figures for the thyroidectomized rats 
received and mg. iodide daily were gm. and 
During this same period the untreated thyroidectomized rats gained 
average only gm. weight, and 1.2 +0.2 em. length. pho 
graph one the rats receiving the higher dose just bef: 
autopsy, shown Figure for comparison with untreated thyre 
ectomized control and control. Whereas roentgenograms 


Standard error the mean. 
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skeleton were not taken, apparent from the photograph and from the 
length data cited Figure that significant increase skeletal 
occurred rats injected with large amounts iodide. Although 
rate growth decreased with increasing time, was again accelerated 
vhen the dose levels were increased. Furthermore, the thyroidectomized 
that received the higher dose levels were significantly larger than those 


Final Body 
Length (cm) 


N Control 47.7 +07 


N+lodide 
466707 


m.) 


350 


300 


366 +03 


Body Weight 


Day Experiment 


Curves showing body weights surgically thyroidectomized and normal rats 
injected with iodide for 210 days compared with their untreated controls. There are 
five rats each point these curves. Final body lengths are also shown. onset 
injections the average body length the thyroidectomized rats was 31.7 +0.2 
the average body length the normal rats the same time was 42.5+0.3 em. 


which received the lower levels throughout the injection period 
for body weight and <0.001 for length, terminally). The injection the 
same doses into normal rats appeared inhibit slightly their body growth. 

Although there can little doubt from the results shown Figures 
that the administration iodide accelerated body growth thy- 
rats, could argued (2) that the large quantities 
lide might have activated small, previously undetected, remnants 


550 
450 
f 
250 
200 
Control 
q 
150 
q 
4 Img. 
3mg. 
100 


622 EVANS AL. Volume 


thyroid tissue. this regard, must pointed out that the sensitivity 
the terminal test for completeness thyroidectomy was reduced 
the presence the rats elevated levels non-radioactive iodide. was 
disconcerting that while all thyroidectomized rats selected for experimen- 
tation displayed plateau growth before iodide injection, two the un- 
treated rats, similarly selected, showed significant concentrating tissue 
the neck autopsy (Table 1). For these reasons more rigorous proce- 


Fig. Photographs, taken autopsy, 

representative rats from groups shown 
Figure Left, untreated normal con- 
trol; center, rat given 
and mg. iodide daily for 210 

right, thyroidectomized control. centi- 
meter scale included. 

40— 

50— 


dure was employed effort remove completely thyroid tissue, 
namely, surgical thyroidectomy followed the injection large dose 
Figure shows the immediate resumption growth rats subjected 
this procedure after initiating daily injections mg. iodide. 


Pituitary 


‘ 


Retardation skeletal growth thyroidectomized rats has been 
lated the concurrent widespread degranulation pituitary 
(2, 4). Furthermore, the growth promoting potency their anterior 
tary tissue and blood plasma has been reported lowered (5, 6). 
important, therefore, examine the anterior pituitaries thyroidect 
mized rats induced grow under the influence iodide for 
activity the acidophil cells. 

can seen Figure the parenchyma the anterior pituitary 
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TABLE ORGAN WEIGHTS AND METABOLIC RATES RATS SUBJECTED COMBINED 

SURGICAL REMOVAL AND pESTRUCTION THYROID TISSUE PRIOR INJECTION 


J 


Organ weights 

Group |mg./day/| | Semina ota rate, conc. 

| 50 day weight, | Pituitary, Adrenals, Testes, vesicles, | prostate, | Cal./m.?/hr. | neck/plas: a ) 

gm. mg. } mg. | meg. mg. mg. | | 7 

+lodide 5 230412) 11.1+0.9| 27+1 | 3486+104) 1416+ 164 843 +16 | 24.4+0.4 | 0.89+0.08 

N Controlt 514+5 3855 + 126 | 1707 + 126 | 45.6+4.5 | 


* The thy =e sctomized rats were seventy-five days post-operative at onset of injections and the normal rats were of 
the same age. There are five rats in each group. 

t Thy roidectomized controls were not maintained in this e xperiment; however, a comparison may be made with the 
thyroidectomized control values of Table 1 as all the values shown stabilize and remain approximately constant 50 days 
after thyroidectomy. 


untreated thyroidectomized rats showed typically the disappearance 
acidophils and degranulation and vacuolation certain basophils. These 
basophils with multiple vacuoles also contained granules (Fig. and 
were considered both because their morphology and their localization 
the pituitary thyrotrophs. previously reported (5), the other 
type basophil—designated gonadotroph (7, 8)—also showed deviations 
from normal which were interpreted reflecting decreased functional 
activity, namely decrease cell number and size, partial degranulation, 
and reduction size the Golgi apparatus (Fig. 10). Acidophils were 
observed only infrequently per section) and those seen were very 
small size, showed extreme degranulation, and their nuclei were often 


Final Body 


451 +05 


rats subjected surgical thyroidectomy 
300 and subsequent administration and in- 
jected with iodide for days compared 
untreated normal controls. There are 
rats each point these curves. Final 
body lengths are also shown. The initial 
200 body length the thyroidectomized group 


onset injections, although not 
ured, was approximately the same given 
Figure (31.7 em.) 
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The pituitaries all thyroidectomized rats treated with iodide resembled 
osely those the thyroidectomized controls (Fig. 6). There were, how- 
er, certain characteristics which the glands these two groups could 
The number acidophils the pituitaries the thy- 
rats receiving iodide was somewhat greater per 
though they were still small and similar morphology those 
controls. Another distinguishing feature the pitui- 
thyroidectomized rats injected with iodide was changes the 
located the rostral portion the anterior lobe either 
sile the pars intermedia. They appeared have increased number 
were conspicuous due their dense granulation and strong PAS reac- 
tion (Fig. 11). the other hand, iodide had beneficial effect the 
They still showed multiple vacuolation and granules and 
paucity lack their specific granulation (Figs. and 8). The weights 
the pituitaries, which are characteristically subnormal rats 
mized when immature, were partially corrected after treatment with iodide 
(Tables and 2). 

The injection large quantities iodide into normal rats did not ap- 
pear influence pituitary weight (Table morphology. 


Adrenals 


The adrenals the untreated thyroidectomized rats weighed about 
half much did those the normal controls (Table 1), finding which 
was attributable chiefly atrophy the zona fasciculata and reticularis. 
This atrophy, however, was not extreme after hypophysectomy. The 
injection iodide into either surgically thyroidectomized rats rats sub- 
jected combined surgical removal and destruction thyroid tissue 
did not the weight the adrenals (Tables and clearly 
modify the histology the cortex. 

The injection high levels iodide into normal rats was without effect 
the weight (Table histological structure the adrenal cortex. 


Testes and accessory glands 


Although the weight the testes the untreated thyroidectomized rats 
was subnormal (Table the seminiferous tubules were active and con- 
tained innumerable mature The Leydig cells were subnormal but 


significant differences pituitary were observed between the surgically 
thyroidectomized rats receiving and mg. iodide daily for 210 days, and those re- 
the lower levels and mg. The pituitaries rats subjected combined 
removal and destruction thyroid tissue prior iodide injection for 
were not significantly different from those the surgically thyroidectomized rats 
inje ted for the longer period. 

has been the experience this laboratory, based data from incomplete hypo- 
that the seminiferous epithelium the most sensitive histological indi- 
minute amounts functional pituitary tissue. This sensitivity even exceeds 
that the adrenal cortex. 
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Fic. Field from the central region adenohypophysis normal control 
show general distribution cells. A-acidophil; B-basophil; C-chromophobe. M-A 700. 
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not completely atrophic hypophysectomized rats. This deficiency 
was characterized nuclear pyknosis and decrease cytoplasmic 
volume and eosinophilia. This evidence decreased function the Leydig 
was further supported the subnormal weight the seminal vesicles 
ind prostates (Table 1). significant degree repair the subnormal 
veight the testes, seminal and prostates occurred all thyroid- 
rats after treatment with iodide shown Tables and 
<0.01 for these values Table 1). Furthermore, the Leydig cells 
hese rats could not distinguished with certainty from those normal 

There was discernible effect the weight histology the testes, 
the weight the seminal vesicles and prostates, following the injection 
high levels iodide normal rats (Table 1). 


Metabolic rate 


The rates (Tables and all thyroidectomized rats that 
received iodide were not significantly different from untreated 
thyroidectomized controls. must pointed out, however, that only one 
terminal measurement was made. order conclusively demonstrate that 
iodide does not increase the metabolic rate the thyroidectomized rat, 
the measurements should made immediately prior injection and 
frequent intervals during the injection period. These more rigorous experi- 
ments are now progress. 

The injection normal rats with high levels iodide did not influence 
their metabolic rates (Table 1). Pitt-Rivers (9) has also reported that the 
metabolic rates normal rats maintained high levels iodide were not 
different from those their controls. 


Thyroid 


The thyroids normal rats injected with iodide were indistinguishable 
histologically from those their untreated controls. Furthermore, there 
was change the weight the gland shown Table Dvoskin (10) 
had previously reported that the administration large quantities 
iodide normal rats did not alter the weight the thyroids and only 


Field from the central region adenohypophysis rat thyroidectomized 
days age and sacrificed 260 days later. Note degranulation and disappearance 
T-basophils (thyrotrophs) have multiple vacuoles and show prominent 
Golgi apparatus. M-A 

Field from the central region adenohypophysis rat thyroidectomized 
days age and treated with and mg. iodide for 210 days beginning days post- 
yroidectomy. Alterations thyrotrophs and acidophils remained the same 
controls. Compare with Figure M-A 

7-8. Fields from the central regions adenohypophyses thyroidectomized 
(Fig. and thyroidectomized iodide-treated rat (Fig. show similarity 
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the pars intermedia) adenohypophysis normal control rat. Note that 
cells (G) this region are all round oval shape and often show prominent 
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natograms dialyzed plasma from un- 
reated and iodide-injected, surgically-thy- 
oidectomized rats, whose growth curves 
shown Figure All rats were in- 
ected with 900 ue. carrier-free 
before autopsy. The following ab- 
are used the figures showing 
olvent front. Collidine-water-ammonia 
‘as employed the chromatographing 
all cases. 


CONG. BuOH EXTRACT PLASMA 


G 5813 THYROIDECTOMIZED CONTROL 900 uc I'*! 
CONC BuOH EXTRACT OF PLASMA DIGEST | 


Concentrated butanol extract 1.5 IODIDE DAILY 


ml. plasma from untreated thy- 
roidectomized rat. 

Concentrated butanol extract 1.0 
ml. the same plasma after 
digestion with pancreatin. 

Concentrated butanol extract 1.5 
mized rat that received and mg. 
iodide daily. 

Concentrated butanol extract 1.0 
ml. the same plasma after 
digestion with pancreatin. 


THYROIDECTOMIZED 5 MG DAILY 


DIGEST 


slightly decreased cell heights. More recently, Pitt-Rivers (9) was also 
unable demonstrate goitrogenic action iodide rats. 


Chromatography plasma 


Figure illustrates typical recordings obtained from chromatograms 
(developed collidine) concentrated butanol extracts plasma ard 
plasma digests from untreated and from iodide-injected, surgically-thy- 
rats whose growth curves are shown Figure 
peak corresponding the position the thyroxine carrier could de- 
tected the chromatograms. Similar chromatographic patterns were ob- 
tained from the plasma all thyroidectomized rats whether treated un- 
treated with The peak just preceding the thyroxine region 


tive image the Golgi apparatus and compact nucleus. The cells are designated 
gonadotrophs. PAS 

10. Field from the rat 125 days following thyroidectomy 
age. Note the decrease number and size gonadotrophs. Also note that some 
them are either very small (S) show extreme degranulation (D). vacuolation 
that thyrotrophs seen the gonadotrophs. PAS 

11. Field from the zone” rat days and treated 
days with mg. iodide beginning days after operation. Note that gonado- 
(G) are larger, show better granulation, and are increased numerically 
with those the thyroidectomized control (Fig. 10). PAS 
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matograms dialyzed plasma from thy- 
roidectomized rat treated with mg. 
iodide for days following surgical re- 
moval and destruction thyroid tis- 
sue. This rat received 1000 carrier- 
free hours before autopsy. 


W9623 1000 uc. 


BUOH EXTRACT PLASMA 


CONC. BUOH EXTRACT 


DIGEST 


Concentrated butanol extract 1.5 
mized rat. 

Concentrated butanol extract 1.0 

ml. the same plasma after 

digestion with pancreatin. 


\ 
\ 
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Fig. 14. Distribution chromato- 
grams dialyzed liver homogenates from 
untreated and iodide-injected, surgically- 
thyroidectomized rats from groups whose 
growth curves are shown Figure All 
rats received 900 ue. of earrier-free ['3! 75 THYROIDECTOMIZED IODIDE DAILY 
tanol extracts liver digests (pancreatin) DIGEST 
where chromatographed all cases. 
with and mg. iodide. DIGEST 
Thyroidectomized rat injected daily 
with and mg. iodide. 


| 
5884 THYROIDECTOMIZED CONTROL 900 


Figure 12B was most likely monoiodotyrosine. pointed out the pre- 
ceding paper (1), the peak beyond the thyroxine region (Fig. 12B) was 
probably iodide derived from deiodination either the monoiodotyrosine 
the proposed lipid component (1) shown near the solvent front Figure 
12A, both. 

Figure illustrates typical recordings from chromatograms con- 
centrated butanol extracts plasma and plasma digests prepared from 
rats injected with five mg. iodide following surgical removal and 
destruction thyroid tissue. the previous experiment, where 
thyroidectomy only was used, peak was found the thyroxine 
region any the chromatograms. 


There was one exception. The chromatographic recording obtained from the 
centrated butanol extract the plasma from one untreated thyroidectomized 
showed small peak that corresponded with the position the thyroxine carrier. 
rat had ratio concentration the neck region concentration the 
3.80 (Table 1). The body growth, pituitary, adrenals, testes and accessory orga! 
and metabolic rate this rat, however, did not differ from those the other 
tomized controls. 
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hromatography liver 


The distribution chromatograms concentrated butanol ex- 
acts liver digests from representatives the surgically thyroidecto- 
groups are shown Figure 14. either with without 
jected iodide, was significant peak observed the area corresponding 
the thyroxine carrier. Similarly, could detected 
any appreciable quantity any the chromatograms. The peak just 
eceding the thyroxine region was most likely monoiodotyrosine. The 
negative results were obtained with liver chromatograms from all 
injected with mg. iodide following surgical removal and subse- 
quent destruction thyroid tissue. 


DISCUSSION 


the previous investigations dealing with the effects iodide thy- 
roidectomized rats, only two provide data body growth. Chapman (11) 
found that thyroidectomized rats receiving approximately ug. iodide 
per day the drinking water lost less weight over period days than 
untreated thyroidectomized rats. Dvoskin (10) studied group nine 
young rats which growth had ceased after thyroidectomy. Two received 
daily injections 8.9 mg. iodide and four received 5.6 mg. iodide plus 
3.3 mg. elemerital iodine. reported that there was only slight in- 
crease body length after the administration iodide whereas the addi- 
tion iodine produced striking increase body length. the present 
study growth promoting action iodide thyroidectomized rats, meas- 
ured increases both body weight and body length, has been observed 
does not appear likely that this growth response was due 
activation thyroid remnants high levels iodide, for the following 
reasons: (1) Every thyroidectomized rat the present study that received 
large doses iodide (24 animals) displayed growth rate appreciably 
greater than that untreated thyroidectomized controls. improbable 
that thyroid remnants were present all these animals, including those 
that were subjected both surgical removal and destruction thyroid 


The results from our first attack this problem, although agreement with those 
presented, have not been reported the sensitive procedure 
eventually employed had not been developed the time. Young male thyroidectomized 
rats were maintained from the day operation, days age, for days iodide 
levels 10, 100 and 1000 The results the completely thyroidectomized rats 
terms weight gain and final body length standard errors) were follows: 


gain 74+5 gm., final body length cm. 
6T+ I-, gain 74+5 gm., final body length 31.2+0.2 em. 
100 I-, gain gm., final body length 30.5+0.2 em. 


-ontrast the results Chapman (11), augmented growth was observed this 
only the highest level. 
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tissue. (2) Two the iodide-injected, surgically-thyroidectomized rat 
showed terminal concentration ratios the thyroid region (1.04 
1.06) somewhat greater than might expected simple diffusion 
iodide into the extracellular space, suggesting the presence 
thyroid remnants. The growth rate these rats, however, was greater 
than those with lower ratios. (3) Thyroid tissue not known act 
vated excessively high levels iodide. the contrary, thyroid ho:- 
mone formation may depressed high concentrations iodide (12- 

Purves and Griesbach (2) found that the daily injection 1.3 mg. 
iodide into thyroidectomized rats, beginning the day operation and 
continuing for days, resulted retention the granules approxi- 
mately half the acidophils, result comparable that obtained with 
0.25 This protective effect iodide pituitary 
acidophils was abolished the rats were simultaneously given thiourea. 
later study employing radiothyroidectomized rats Hum, Goldberg and 
Chaikoff (3) confirmed the report Purves and Griesbach. They also 
found that the action iodide was inhibited the simultaneous feeding 
antithyroid drug. the present study there was little, any, evi- 
dence regranulation pituitary acidophils after iodide administration. 
was only possible after very careful examination detect slight nu- 
merical increase the surviving acidophils. might argued, particu- 
larly regard the more chronic experiment (210 days), that the pitui- 
taries were obtained time when the effects iodide growth were 
diminishing. However, the thyroidectomized group injected for the 
shorter period days, body growth was still vigorous when the glands 
were removed and the result was the same. any case, these experiments 
were considerably longer than those Purves and Griesbach and Hum 
al. For the present difficult interpret our results reflecting the 
reinstatement growth hormone secretion anterior pituitary acidophils. 

The adrenals thyroidectomized rats, because their sensitivity 
small quantities thyroxine, have been used reliable assay for thyroid 
hormones and their analogues. was surprising, view the effects 
growth, that iodide did not correct the atrophic adrenals the 
mized rats. Dvoskin (10) also failed demonstrate effect iodide 
the adrenals thyroidectomized rats. 

marked improvement the Leydig cells the testes, however, 
occur after the administration iodide. This was demonstrated 
histological examination and indirectly the increased weight 
testes, prostates, and seminal vesicles, and definite 
those basophils which are considered gonadotrophs. 

Chapman (11) concluded from his study that thyroidectomized 
receiving iodide daily the drinking water had 
higher metabolic rates than their untreated controls. However, 
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eases reported were small and standard errors were presented. Fer- 
ison and Sellers (15) found that iodide administered high dose levels 
pproximately and 125 mg. daily) thiouracil treated rats had 
the lowered metabolic rate. another study (16) these same 
reported that injection large doses elemental iodine into 
treated rats did significantly increase the rate above 
non-injected thiouracil treated rats. Barker and Lipner (17) ob- 
small increase oxygen consumption surgicaliy thyroidecto- 
mized rats injected with mg. elemental iodine per kg. body weight 
per day and larger increase after the injection mg. Unfortunately, 
presented data rats injected with iodide. the present experi- 
ments the injection iodide did not significantly increase the lowered 
rates the thyroidectomized rats. 

Previous investigators (Chapman, Purves and Griesbach, Hum al.) 
suggested that the biological effects iodide which they observed 
thyroidectomized rats, and which have been enumerated above, were due 
extrathyroidal conversion iodide thyroxine. The findings the 
present study not support this interpretation. was not 
detected plasma, plasma digests, liver digests thyroidectomized 
rats that had been induced grow the daily administration large 
doses iodide. There are, however, important limitations the validity 
the procedure used here. The presence high levels iodide reduced 
the sensitivity the chromatographic method for detecting thyroxine. 
Assuming that the present procedure could detect conversion less 
than 0.001% the injected thyroxine per 100 gm. body weight, 
very high initial level iodide could lead the formation few 
hundredths ug. thyroxine per day and yet remain undetected. 
should noted, however, that the precursor 
thyroxine and component present much greater abundance than 
thyroxine thyroglobulin, was also absent from plasma and liver. 
also possible that conversion iodide thyroxine may have occurred 
significant amounts the beginning the iodide injection period but have 
been greatly reduced the end the experiment when chromatographic 
were carried out. The fact that the effectiveness the iodide in- 
jections body growth wore off with time would support this view. How- 
ever, the shorter experiment, I'*! was injected while the administered 
iodide was still exerting its full effect growth, and this experiment also 

The only evidence cited previous workers that iodide exerts its bio- 
logical action through conversion organic iodide, presumably thyroxine, 
the observation that its action the regranulation pituitary acido- 
phils thyroidectomized rats inhibited thiourea (2) and propyl- 
thiouracil (3). However, these antithyroid drugs might conceivably have 
some generalized toxic effect which indirectly inhibited regranulation 
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the While tempting conclude that small amoun 
thyroxine other active iodothyronine formed extrathyroidally 
rats injected with large doses iodide, all pertinent observations, 
especially those the present study, can explained postulating 
iodide, itself, high concentration simulates the action minute 
centrations thyroxine. the present time, there appears 
clusive proof that the extrathyroidal formation thyroxine any other 
iodothyronine occurs under the high levels iodide. The 
conclusion can drawn regarding elemental iodine. has been reported 
augment growth (10) and metabolic rates (16, 17) thy- 
roidectomized and thiouracil treated rats and both effects were attributed 
extrathyroidal thyroxine formation. Although iodination tissue pro- 
tein proceeds readily after injection elemental iodine (18), evidence 
has been presented that thyroxine, even diiodotyrosine, formed under 
these conditions. 
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Preliminary attempts using Tapazole inhibit the effects iodide body 
thyroidectomized rats have been inconclusive. the doses used, there was always 
reduction food intake and consequent loss body weight. 
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FAILURE DEMONSTRATE EXTRATHYROIDAL 
THYROXINE FORMATION THYROIDECTOMIZED 
RATS LOW AND MODERATE IODINE 


ALVIN TAUROG,? EVANS, POTTER? 
AND 


Physiology and University California, Berkeley, California 


ABSTRACT 


Young rats were thyroidectomized and maintained low moderate 
iodine intakes for days. They were with 500 and 
blood and liver were obtained hours later. Completeness 
tomy was checked inspection the thyroid region under the dissecting 
microscope, and measurement the ratio (relative 
plasma) several sections tissue from the base the tongué the thorax. 
Body weights were determined weekly, and body length and standard 
rates were determined the end the experiment. 

Plasma samples were first dialyzed remove radioiodide, after which con- 
centrated butanol extracts plasma and pancreatin digests plasma 
were chromatographed filter paper. The major components observed 
the dialyzed plasma thyroidectomized rats were: peptide 
which, digestion with pancreatin, released but 
and unknown, high component (or components). 

was detected plasma, plasma digests, liver digests 
completely thyroidectomized rats injected with 500 The same pro- 
cedure readily detected the plasma normal rats injected 
with only The procedure used here for detection 
the plasma proved more sensitive means determining completeness 
thyroidectomy than were body growth, standard metabolic rate, pituitary 
acidophil degranulation. 

that significant extrathyroidal thyroxine formation occurs 
rats under the conditions these experiments. 
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discovery Ludwig and von Mutzenbecher (1) that crystalline 
thyroxine can isolated from the products iodination non- 
thyroid proteins raised the possibility that thyroxine formation may occur 
even completely thyroidless animals. These findings led Morton and 
Chaikoff (2) examine the that appeared plasma and 
tissues thyroidectomized rats that had received large doses radio- 
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iodide. They concluded that was indeed formed the com- 
plete absence thyroid tissue. 

Further support for the view that extrathyroidal thyroxine synthesis 
may occur animals was provided the reports Gorbman al. (3, 
that formed certain invertebrates upon exposure 
radioiodide. Gorbman concluded from his studies that thyroxine easily 
formed nature, and suggested that the occurrence thyroxine pre- 
ceded the evolution the thyroid gland. formation 
invertebrates has also been reported other workers (5, 6), but those 
findings have not been confirmed this laboratory (7). 

Various considerations prompted reinvestigate the question 
extrathyroidal thyroxine synthesis rats. Using the improved methods 
now available for such study, have not confirmed the findings origin- 
ally reported from this laboratory (2). the present series ex- 
periments, application method which readily detected 
the plasma and liver normal rats injected with failed 
detect any the plasma liver thyroidectomized rats 
injected with 500 ue. 


METHODS AND MATERIALS 


Animals and Diets. Long-Evans male rats from our stock colony were used. When 
the rats were days old, their thyroids were removed surgically, under ether 
anesthesia, except one experiment which radiothyroidectomies were performed 
administration The thyroidectomized rats and their normal age controls 
were maintained temperature-controlled room 76+1° and were fed stock 
diet the following composition: 67.5% wheat, 15% casein, 7.5% skim milk powder, 
6.75% hydrogenated vegetable oil, fish oil, 0.75% NaCl (not iodized), and 1.5% 
The iodine content this diet was approximately 0.3 iodine per gm. This 
diet referred this report the low-iodine diet. many instances the same 
containing added make iodine per gm. diet, was fed. This diet referred 
the regular iodine diet. 

most the experiments, surgical thyroidectomies were performed twice the 
number rats required, since approximately half the thyroidectomies proved 
incomplete (8). The rats were weighed weekly, and only those animals which body- 
weight curves displayed definite plateauing within days were selected for use. Earlicr 
observations had shown that failure body weight plateau was almost always 
ated with presence residual thyroid tissue. 

was obtained from Oak Ridge, and injected subcutaneously 50-70 
days post-thyroidectomy. Thyroidectomized rats received 500 either 
free with iodide carrier. Normal control rats usually received 
with without iodide carrier. Blood and tissues were taken hours later. 

Completeness Thyroidectomy. autopsy, the neck region was thoroughly 
under the dissecting microscope magnification) for remnants thyroid tissue. 
thyroid remnant was observed, the following tissue sections were removed for 
ing the scintillation well-counter: base tongue beginning trachea; 
pretracheal muscles, and esophagus the ventral neck region; and 
and great vessels. These include the developmental path the thyroid plus 
sible sites occurrence aberrant tissue, The concentration the tissue 
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then determined relation that plasma. tissue, when pres- 
was found only section (thyroid region). Animals that showed thyroid remnants 
autopsy, appreciable concentration the thyroid region, were judged 
thyroidectomized. 

Chromatography Plasma. Blood was obtained from the abdominal aorta. The sepa- 
ted plasma was treated with 0.75% solution (9) (10 per ml. plasma), 
aid dialyzed against distilled water multiple dialyzer® for hours. The dialysis unit 
placed the refrigerator during this procedure, and the water was changed after 
hour. Preliminary tests showed that this procedure eliminated 99% more the 
were lost (Table 1). After dialysis, Tapazole was again 
alded the plasma per ml.), and each plasma sample was subjected the fol- 
procedures: 

Chromatography concentrated butanol extract plasma. One and one-half ml. 
were shaken centrifuge tube with four successive portions redistilled 


TABLE 1, DIALYSIS OF PLASMA CONTAINING ADDED RADIOTHYROXINE 
OR RADIOTRIIODOTHYRONINE 


Counts per minute 


Before After dialysis 
dialysis dialysis* 
per ml. plasma 
Normal rat 0.004 1.55 1.64 
0.004 ug. 1.85 
0.06 pg. T; 18.9 18.5 | 2 
Thyroidectomized rat 0.004 1.84 1.88 
0.004 ug. 1.70 1.80 
0.002 10.7 99.7 

Hypophysectomized rat 0.004 1.70 1.70 
0.004 1.76 1.85 
0.05 14.2 14.4 


All samples dialyzed hours described text. 


butanol, the first consisting ml., the others ml. each (10). The last two shakings 
were with butanol containing 10% water. the combined butanol extracts from each 
sample was added 0.15 mg. Tapazole butanol, and the extracts were taken 
just dryness 10-ml. beakers, under reduced pressure, stream nitrogen. The 
temperature the concentrator was not allowed exceed 40° The residue was 
suspended 300 400 ul. 1:1 NH,OH, and approximately 150 
L-thyroxine carrier, dissolved 1:1 NH,OH, were added. 
The entire suspension, portions, was applied along line near one end 
strip Whatman paper The papers were suspended jars 
for ascending chromatography collidine-water-ammonia (10). After chromatography 
constant temperature (24° 25° for hours, the paper chromatograms 


2-mercaptoimidazole. are indebted Eli Lilly and Company for 
this compound. 

Obtained from Oxford Laboratories, San Francisco, California, 

Obtained from Abbott Laboratories, Chicago, 
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were dried the hood and sprayed with diazotized sulfanilic acid (10) locate 
thyroxine markers. 

Chromatography concentrated butanol extract hydrolyzed plasma. Twenty 
added ml. plasma, and the mixture was incubated 37° for hours 
release any which might have been incorporated protein. 
creatin effective digesting thyroglobulin under these conditions was shown 
preliminary experiment which paired lobes rat thyroids were 
nized Krebs bicarbonate buffer and rat plasma. Release upo 
digestion with pancreatin was the same for both homogenates. 

The pancreatin digest plasma was extracted with four butanol extra: 
tions, described above, and the combined butanol extracts were similarly 
trated just dryness after the addition 0.15 mg. Tapazole. The dry residue 
suspended 400 ul. 1:1 NH,OH, and the resulting suspension was centri- 
fuged 3-ml. centrifuge tube. The clear supernatant was drawn off carefully with 
micropipette and, after the addition 1-thyroxine carrier, applied Whatman 
paper above. Some was lost with the residue after centrifugation 
14% one experiment). Chromatography and treatment the chromatograms 
were performed described above. one experiment, monoiodotyrosine carrier 
proximately 100 was added some the samples just before chromatography. 

portions, were streaked across line long near one end sheet What- 
man filter paper (1035 Chromatography and treatment the chromato- 
grams were performed described above. 

Chromatography Liver. Difficulty was encountered obtaining satisfactory chro- 
matograms liver extracts because interference from unknown liver constituents. 


The following procedure was finally developed: Two gm. minced liver were homoge- 


nized with 2.5 ml. saline-tris buffer (11) (containing 0.075 mg. Tapazole per ml.) 
glass homogenizer with motor-driven teflon plunger. The liver homogenates were 
dialyzed for hours the Oxford multiple dialyzer, the refrigerator, the wa‘er being 
changed after 1.5 hours. Tapazole (0.075 mg. per ml.) was again added the dialyzed 
liver homogenates, and samples were extracted twice with 5-ml. portions re- 
distilled butanol. This procedure extracted 88% the dialyzed liver homog- 
enates prepared from normal rats. The combined butanol extracts were concentrated 
and chromatographed described above for plasma, except the residue was sus- 
pended 500 ul. 1:1 NH,OH, and 300 ul. (instead the entire 
were applied the filter paper for chromatography. 

The residue from the extraction the liver homogenate was washed with 
acetone and dried hot-water bath. was transferred homogenizing tube and 
homogenized with 1.5 ml. saline-tris buffer containing 0.075 mg. Tapazole per 
was added (0.03 ml. 0.1M then mg. pancreatin 0.15 
suspension saline-tris buffer, followed one two drops toluene. The mixture 
was incubated 37° for hours, with frequent shaking during the first hours, 
then extracted twice with ml. redistilled butanol. The combined butanol 
which contained 83% the initial were concentrated dryness 
above, and the residue was suspended 0.5 ml. 1:1 NH,OH. The resu 
ing suspension was centrifuged, and the clear supernatant was drawn off with 
pipette. Thyroxine carrier was added, and 400 ul. the extract chromatograp! 
described above. 

Distribution the Chromatograms. different procedures were used det: 
mine the distribution the chromatograms: The paper was marked off 
equal sections, 2.5 cm. wide, starting with the thyroxine marker, and eaeh secti 
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Body growth and chromato- 
and normal control rats 
Experiment maintained low-iodine 
diet. 

Upper portion chart shows body 
curves, illustrating plateauing 
hody weight thyroidless rat approxi- 
mately days after thyroidectomy. 

Bar graphs lower portion chart 
show distribution paper chro- 
matograms plasma. Abscissa denotes 
section the chromatogram, starting 
with origin, width bar being propor- 
tional area section. Ordinate indicates 
‘ounts per minute above background 
determined scintillation well-counter. 

Symbols: origin; Ty, corre- 
sponding thyroxine solvent 
front. 

Chromatographing solvent: collidine- 
water-ammonia. 
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Section Chromatogram 


was counted separately scintillation well-counter. bar graph was then plotted 
showing counts per minute against the number the section, the origin being taken 
section (see figs. and 2). activity peaks were charted means auto- 
paper (Nuclear-Chicago actigraph connected rate 
meter and Minneapolis-Honeywell Brown recorder). 

Determination Standard Metabolic Rates. Metabolic rates were determined few 
days before autopsy, with eight-chamber, closed-circuit, respiration apparatus, 


previously described (12). 


Regular lodine Diet 
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Body growth and chromatogra- 
phie distribution plasma thyroid- 
ectomized and normal control rats Ex- 
periment maintained regular iodine 
diet. 

For explanation chart see legend 
Fig. 
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RESULTS 


Results are presented below for three separate experiments which dif- 
fered primarily with respect manner thyroidectomy, iodine intake, 


and presence absence iodide carrier the injected Experimental 
details are outlined Table 


Data showing body growth after thyroidectomy, terminal standard 
metabolic rates, and residual I'*'-concentrating tissue the neck are sum- 
marized Table All the thyroidectomized rats this experiment, with 
possibly one exception, showed plateauing body weight, and all had 
greatly depressed standard metabolic rates. ratios for 
the thyroid region were all below 1.0, although the actual values varied 
from 0.48 0.98. value high 0.98 may reflect the presence few 
thyroid follicles, especially since the would have been 
masked dilution with great excess inert tissue. However, the bio- 
logical significance such minute islands thyroid tissue 
view the fact that growth stasis was marked those rats displaying 
the highest ratios those showing the lowest ratios. Body growth was 
previously shown very sensitive index the presence 
amounts thyroxine (13). 

The distribution the the plasma chromatograms was determined 
described under Results obtained with both the strip 
counting and the strip scanning procedures were quite comparable. Bar 
graph results are shown Figures and for representative animals the 
low-iodine and the regular iodine diets. Growth curves for these animals 
are presented the same figures. 

apparent from Figures and that appreciable 
was present the chromatograms the concentrated butanol extracts 
plasma. This was true both for digested and undigested plasma, and for 
rats low-iodine and regular iodine diets. 

The activity which appeared near the solvent front (R; 0.8 0.9), 
especially the undigested plasma (Figs. and 2), was consistently 
served the thyroidectomized rats this study that were injected 
gested. 

The chromatogram the pancreatin digest plasma revealed larg: 
peaks activity above and below the added thyroxine marker, but 
significant activity the thyroxine area itself. The peak 
below the thyroxine marker undoubtedly monoiodotyrosine 
from during the pancreatin digestion (see below). The 
peak which moved just beyond the thyroxine marker (Figs. and 
most likely iodide, derived from deiodination the 
and/or the solvent front component during the pancreatin digestion. Ver) 
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little, any, iodide was present the original plasma after dialysis. 

normal control rats injected with only the same chro- 
procedures revealed highly significant amounts the 
thyroxine section the chromatograms both undigested and digested 
plasma (Figs. and 2). 

The chromatograms whole plasma from the completely thyroidecto- 
mized rats Figures and (not shown the figures), well from all 
the rats this experiment, revealed appreciable the origin. This 
activity represented protein peptide, formed iodination plasma 
tissue protein. indicated above, the organic this component, 
released after pancreatin digestion, was largely the form monoiodo- 
tyrosine. 


Experiment 

The rats this experiment were subjected combined surgical and 
radio thyroidectomy procedures. Surgical thyroidectomy was performed 
days age, after which the rats received the low-iodine diet for 
days. They were then injected successive days with mg. TSH and 
the day following the last TSH injection they received me. 
destroy any remaining thyroid tissue. Further details treatment are 
shown Table Liver, well plasma, was chromatographed this 
experiment. 

Data body growth, standard metabolic rates, and 
tissue the neck are summarized Table Body growth and standard 
metabolic rates were depressed levels low those observed the 
rats Experiment Surprisingly, however, four the nine thyroidecto- 
mized rats showed ratios greater than 1.0 (1.1 2.1) for 
the section tissue from the thyroid area, although, indicated below, 
there was detectable I'*!-thyroxine the plasma. 

Plasma Dialyzed plasma from each rat was chromatographed 
described for the rats Experiment The distribution the vari- 
ous chromatograms was determined with the automatic paper scanner, 
the records obtained with one the rats injected with carrier-free are 
shown Figure Figure illustrates the distribution chromato- 
gram whole dialyzed plasma. activity peak seen the origin for 
but other significant peaks are evident. The record 
with the concentrated butanol extract 1.5 ml. plasma shown 
Figure 3B; displays activity peak the position corresponding 
the thyroxine marker. agreement with the results obtained 
ment Figure shows appreciable activity concentrated near the solven 
front. Figure shows the record obtained with the concentrated 
extract the pancreatin digest 1.0 ml. plasma. appreciable 
tivity evident the site the thyroxine marker. The large 
peak just below the thyroxine undoubtedly monoiodotyrosine, 
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the during the digestion. monoiodotyrosine carrier 
added this particular case, but those instances which was 
this experiment, its position corresponded this peak. The peaks 
beyond the thyroxine marker Figures and are most likely 
dide. 

Results similar those shown Figure were obtained for all the rats 
this experiment. activity peaks were observed the sites corre- 
onding the thyroxine the known values the other 
dothyronines the collidine-ammonia solvent. 
The finding tissue-plasma ratios the 
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DIALYZED PLASMA 
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chromatograms plasma obtained from 

200 dialyzed whole plasma. 
Concentrated butanol extract 1.5 

ml. dialyzed plasma. 

pancreatin digest 1.0 ml. di- 


CONC. EXTRACT PAN- 


front. 
Chromatographing solvent: collidine- 


thyroid regions four the nine thyroidectomized rats this experiment 


was unexpected, view the absence from the plasma, 
and the light the results obtained Experiment Three the four 
had received carrier-free injection and this may have increased 
the uptake any remaining thyroid follicles. this were the case, then 
appears that the most sensitive test for residual thyroid tissue thy- 
rats maintain them low-iodine diet and check for 
tissue after the injection large, carrier-free dose 


chromatograms from the normal rats Experiment injected 
showed large activity peaks corresponding the thy- 
marker. 
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Liver Chromatograms were prepared from concentrated butano 
extracts liver and liver digests described under Th: 
paper scanner, shown Figure for the same rat from which plasma 
used provide the data for Figure 

appreciable thyroxine was evident concentrated butanol ex- 
tracts either the undigested (Fig. 4A) the digested (Fig. 4B) liver. 
Similar results were obtained for six other thyroidectomized rats whose 
livers were used for chromatography this experiment. 

small but definite activity peak was observed correspond the 


chromatograms dialyzed liver homo- 


CONG genates prepared from liver same 


thyroidectomized rat used Fig. and 
from liver normal control rat. 


CONC. BuOH EXTRACT LIVER DIGEST-T RAT 


liver normal rat. 


CONC. BuOH LIVER-NORMAL RAT 
front. 
Chromatographing solvent: 
water-ammonia. 


thyroxine marker the chromatogram the concentrated butanol ex- 
tract the normal liver (Fig. 4C). 

Detection Thyroxine Plasma Normal Rats Injected with 
subsequent experiment, two 87-day-old female rats that had been 
low-iodine diet for weeks were injected with carrier-free 
and killed hours later. Chromatograms were prepared from concen- 
trated butanol extracts plasma and plasma digests, exactly 
under Results obtained with one the normal rats are shown 
Figure together with observations one the 
rats Experiment small, but definite, thyroxine peak evident 
the chromatograms the normal plasma, whereas I'*!-thyroxine 
detectable the plasma the thyroidectomized rat that received 
times much 
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had received the thyroidectomizing dose they were divided into 
groups, and treated indicated Table 

Data obtained the radiothyroidectomized rats and their controls are 
Table All the radiothyroidectomized rats displayed ap- 
eciable I'*'-concentrating tissue the thyroid region, indicating incom- 
ete thyroidectomy. 

The distribution the plasma chromatogram illustrated 
gure for one the low-I-radiothyroidectomized rats, and Figure 
for one the controls. Also shown the same figure record ob- 
with plasma from one the completely surgically thyroidectomized 


PLASMA 


chromatograms plasma obtained from 
thvroidectomized rat injected with 500 
and from normal rat injected with 


ue. (see text for details). THYROIDECTOMIZED 500 ye 


Thyroidectomized rat concen- 
trated butanol extract 1.5 ml. 
dialyzed plasma. 

Same plasma_as A.—concentrated 
butanol extract 1.0 ml. pan- 
creatin digest plasma. 

Normal rat—concentrated butanol 
extract 1.5 ml. dialyzed plasma. 

Same plasma C.—concentrated 
butanol extract 1.0 ml. pan- 
creatin digest plasma. 


8 3 3 

CONC. BuOH EXTRACT PAN- 

CREATIN DIGEST DIALYZED 


GH 3408 


Symbols: origin; position BuOH EXTRACT DIALYZED PLASMA 
front. 

Chromatographing solvent: collidine- 
water-ammonia. 


CONC. BuOH EXTRACT PANCREATIN DIGEST 
DIALYZED PLASMA 


rats Experiment (Fig. 6A). apparent from Figure that con- 
siderable peak activity coincided with the thyroxine marker the 
chromatogram the plasma obtained from the radiothyroidectomized 
Similarly, the plasma chromatograms all the radiothyroidectomized 
this experiment displayed activity peak corresponding the 
marker, whereas such peak was observed the plasma chro- 
tograms any the completely thyroidectomized rats Experi- 

possible criticism the results obtained with the radiothyroidecto- 
rats Experiment that some all the detected 
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the plasma may have been residual material resulting from the relativel 
large amount radioactivity released into the plasma the 
thyroidectomizing dose test this point, plasma was counted 
two low-iodine and two regular iodine radiothyroidectomized rats that 
not receive second injection Results showed that the activity re- 
maining the plasma was much too low account for thyroxine peaks 
large those shown Figure 6B. 

Apparently, therefore, the radiothyroidectomy procedure used here 
not successful completely eliminating thyroid tissue was careful 
surgical thyroidectomy. However, particular interest that the 


chromatograms concentrated butanol 

extracts dialyzed plasma obtained from 

tomized rats. Body growth curves shown 

for each rat. All rats low iodine diet after 
start experiment. 


wT 


dectomized rat Experiment 

Plasma from radiothyroidectomized 
incompletely thyroideetomized 
the basis concentrating tissue 


DAYS AFTER 
RADIOTHYROIDECTOMY, 


20 


NORMAL CONTROL the neck. 
Plasma from normal control rat 
Experiment 


10 30 50 
DAY_OF EXPERIMENT, 


Symbols: origin; position 
added thyroxine carrier; solvent front. 
Chromatographing solvent: collidine- 


water-ammonia. 


radiothyroidectomized rats displayed growth stasis, characteristic 
complete thyroidectomy. The growth curve for one these rats shown 
Figure 6B. Moreover, indicated Table standard metabolic 
the radiothyroidectomized rats were greatly depressed those 
rats judged completely thyroidectomized. These findings reflect 
sensitivity the procedure used here for detecting plas! 
Thyroxine formation could detected even levels where the 
thyroxine formed was insufficient augment body growth stand: 
metabolic rate. 

other experiments, not reported above, was detectec 
the plasma two surgically thyroidectomized rats that showed 
tissue the neck, but which appeared 
thyroidectomized the basis plateauing body weight, depres 
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standard metabolic rate, adrenal atrophy, and absence pituitary aci- 
lophils (14). These findings indicate that the chromatographic procedure 
more sensitive than the biological criteria commonly used check 
thyroidectomy. 


DISCUSSION 


Thyroxine formation surgically radiothyroidectomized rats may 
occur two different ways: small remnants thyroid 
issue which escape surgical removal destruction the ionizing radia- 
ion; and iodination protein extra-thyroidal tissue. the former 
‘ase, would expected that the thyroxine would released into the 
the free amino acid, readily extractable with butanol. the 
latter case, the thyroxine would probably have released from the 
protein proteolysis before could extracted with butanol. Moreover, 
the iodinated protein might remain the tissue where was formed, and 
not appear the plasma any appreciable extent. 

All the above possibilities were tested the present investigation, 
although only one tissue, i.e., liver, was examined possible site 
formation thyroxine-containing iodoprotein. With very sensitive 
chromatographic procedure, were unable detect 
plasma, liver digests thyroidectomized rats that had 
received 500 ue. hours previously. This was true for rats 
low-iodine regular iodine diet, that received either carrier iodide 
iodide with the injected dose The same chromato- 
procedure readily detected plasma and liver 
normal rats that received ue. respectively. 

Because possible differences the size the total body iodide pool, 
and because was observed these experiments that injected radioiodide 
disappeared from the circulation more rapidly normal than thyroid- 
ectomized rats, not possible use the radioactive data obtained here 
compare rates thyroxine formation the presence and 
absence thyroid tissue. Nevertheless, apparent from these results 
that thyroxine formation the completely thyroidectomized rat, 
all, could not have exceeded small fraction the 
normal rate. 

The discrepancy between the present findings and those reported from 
this laboratory Morton al. (2) probably due the non- 
procedure used the earlier investigators for identifying 
plasma. For example, was concluded, with their procedure 

15, 16), that sheep thyroid tissue slices incubated with radioiodide convert 
10% added thyroxine, but corresponding values obtained 
with the more procedure used here are less 

This does not explain, however, the report Morton al. (2) that 

the alkali re-extracted butanol extract digests plasma from 
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completely thyroidectomized rats could recrystallized constant 
specific activity with added thyroxine carrier. Even more puzzling, per- 
haps, their finding that the I'* the corresponding aqueous fraction 
remained constantly associated with diiodotyrosine carrier during succes- 
sive recrystallizations. The present work indicates that the the latter 
fraction should have been largely monoiodotyrosine. the technique 
recrystallization constant specific activity suffers from surprising lack 
specificity, some unknown factor must explain the 
results Morton al. (2). should noted also that the failure detect 
the plasma and liver thyroidectomized rats the pres- 
ent investigation occurred despite the injection least times much 
that used the experiments Morton al. 

While was present the plasma thyroidectomized 
rats injected with radioiodide, (or peptide) component was 
formed amounts sufficient detected with the sensitive procedure 
used here. Since this material released only 
digestion with pancreatin, was very likely not thyroglobulin, but rather 
product iodination plasma tissue protein. may 
represent mixture rather than single component. Since was 
formed the extent only about 0.002% the injected per ml. 
plasma, its physiological significance doubtful. 

The finding that the plasma and liver contained 
detectable not surprising view the fact that 
diiodotyrosine, too, was not observed. There good evidence that diiodo- 
tyrosine, the precursor thyroxine thyroglobulin (18, 19), and 
seems most unlikely that any protein iodination reaction which does not 
give rise diiodotyrosine would yield any thyroxine. The 
tissues other than plasma and liver was not examined the present study, 
and until this done, not possible rule out completely extra-thy- 
roidal thyroxine synthesis. conceivable, although not likely, that some 
tissue other than liver might form significant amounts thyroxine-con- 
taining iodoprotein which could exert metabolic effect within the tissue 
without being released into the circulation. should interest 
future experiments determine whether iodoprotein formed tissues 
other than liver contains significant amounts 
could act precursor for thyroxine. 

The failure demonstrate formation the present 
tigation not inconsistent with the findings Ludwig and von 
becher (1), and others (20-22), who showed that thyroxine can 
isolated from iodinated proteins. Iodination the latter studies was 
formed with high concentrations elemental iodine conditions 


comparable with those applying thyroidectomized rats injected wit 
iodide. 


| 
q 
q 
q 
q 
7 
| 
4 


November, 1960 EXTRATHYROIDAL THYROXINE FORMATION 649 
REFERENCES 
anp von Physiol. Chem. 258: 195. 1939. 


bo 


Chem. 147: 757. 


GorBMAN, A., CLEMENTs AND Exp. Zool. 127: 75. 1954. 
A.: Physiol. Rev. 35: 336. 1955. 


ANTHEUNISSE, Lever: Koninkl. Nederl. Akad. Van Wetenschappen- 


Amsterdam Proc., Series 59: 562. 1956. 


O.: Proc. Soc. Exp. Biol. Med. 50: 81. 1942. 


Kaplan, Academic Press, Y.: 856, 1957. 


il. Tone, Biol. Chem. 232: 939. 1958. 

R.: Biochim. Biophys. Acta 223. 1948. 

R.: Biochim. Biophys. Acta 675. 1949. 

P.: Vitamins and Hormones, Academic Press, Y.: 207. 1946. 


7 
q 
7 
a 


EFFECT HYDROCORTISONE AND EPINEPHRINE 
GLUCOSE UPTAKE THE RAT 


MARTA SZABO HERMAN? ESTELLE RAMEY 
Department Physiology and Biophysics, Georgetown Schools 
Medicine and Dentistry, Washington, 


ABSTRACT 


Hydrocortisone inhibited glucose uptake the rat diaphragm incubated 
Krebs-Ringer phosphate medium, when added vitro concentration 
when injected into rats dose levels mg. daily for 
days, mg. hours before sacrifice. bicarbonate medium, and mg. 
doses hydrocortisone were totally ineffective and mg. dose had only 
slight effect glucose uptake. The vitro addition hydro- 
phosphate medium which the concentration ions had been raised two- 
fold, did not affect glucose uptake. Adrenalectomy increased basal glucose 
uptake the diaphragm and abolished the inhibitory effect epinephrine 
glucose uptake. Hydrocortisone vitro did not restore the epinephrine effect. 
The combined addition epinephrine vitro and hydrocortisone either 
vitro vivo normal diaphragms incubated the phosphate medium pro- 
duced inhibition glucose uptake which was not greater than that pro- 
duced either these hormones alone. The combined vitro addition 
epinephrine and hydrocortisone diaphragms incubated the bicarbonate 
medium, had effect glucose uptake. suggested that inhibition 
the phosphofructokinase reaction inorganic responsible for 
the varying effects hydrocortisone obtained the different incubating media. 


LUCOCORTICOIDS have been shown increase hepatic gluconeo- 
genesis the presence elevated rate protein catabolism (1). 
More recently was demonstrated that hydrocortisone increases the 
activity the enzymes responsible for the synthesis glucose from three- 
precursors the liver (2). The latter mechanism significantly 
contributes the conversion proteins carbohydrates liver en- 
zymes, resulting elevation blood sugar and liver glycogen stores, 
with simultaneous increase excretion. 

Protein catabolism and increased gluconeogenesis, however, can 
only part for the amount glucose excreted the urine states 
hypercorticalism (3). inhibition peripheral glucose utilization 
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erefore, suggested explanation for the high G/N ratio. This hypoth- 
has not been confirmed (1). Alternative explanations for the increased 
ratio have been suggested; these include: the conversion glucose 
with high polysaccharide content, temporary storage the 
diamino acids, glucose sparing action increased fat mobilization, 
glucose the carbon skeleton glycerol resulting from fat 
and finally rapid resynthesis glucose from three-carbon 
originally derived from ingested glucose (2). But the possibility 
decreased peripheral glucose utilization still debated. 

glucose uptake the isolated rat diaphragm showed 
this either inhibited (4) not inhibited (5) cortisone hydro- 
cortisone. Diaphragms excised from adrenalectomized rats were reported 
either utilize significantly more glucose than normal control diaphragms 
(6) show significant alterations glucose uptake (7). 

explanation for the conflicting reports the literature, has been 
suggested that while steroids alone may not affect the utilization glucose, 
they may potentiate the action epinephrine doing (8). more 
significant effect might observed the animal tissue under investi- 
gation were simultaneously subjected epinephrine and cortical steroids. 
The effect epinephrine glucose utilization might also depend the 
amount glucocorticoids the animal isolated tissue had been 
subjected previously. 

recent work, showed that the vitro addition epinephrine the 
incubating medium may inhibit glucose uptake the rat diaphragm but 
only under the conditions incubation phosphate buffered medium 
(9). the experiments reported here tested the hypothesis that 
the inhibitory effect epinephrine depended the presence glucocor- 
ticoids and that the effect glucocorticoids isolated systems was also 
dependent the incubating medium used. 


METHODS AND MATERIALS 

Male rats the Sprague-Dawley strain, weighing between 80-100 gm. were used. 
Sacrifice, excision and incubation diaphragms were preceded hour fast. 
Handling and the paired hemidiaphragms were carried out 
previously (9). 

used for incubation were the following composition: (1) Krebs-Henseleit 
containing 0.12 NaCl, 0.0047 0.0025 CaCl, 0.0012 
0.0012 and equilibrated with gas phase 95% 
(2) Krebs-Ringer phosphate, containing 0.13 NaCl, 0.005 
CaCl, 0.001 0.01 0.002N HCl; (3) Krebs-Ringer phos- 
Mg, containing 0.002 and otherwise identical with (2). Both 
phosphate media were equilibrated with gas phase 100% before 
bation. All media were adjusted 7.4 and contained 140 mg. glucose 
per ml. 

concentration the incubating media before and after incubation was 
the Nelson modification the Somogyi technique (10). From the differences 
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between these values and from paired hemidiaphragm weights, glucose uptake was con 
puted and expressed mg. glucose taken gm. wet diaphragm tissue 
hour. 

experiments which hydrocortisone was added the incubating medium, 
appropriate amount this compound from Pfizer) was dissolved ethan 
and dried evaporation the solvent several times. The residue was then 
M). 

When the vivo effects this compound were studied, the same-preparation, diluted 
with physiological saline was injected into rats daily subcutaneous doses 
mg. for period week before sacrifice was given the form single intraperi- 
toneal injection (1-10 mg.) hours before sacrifice. 

experiments which epinephrine was added the incubating medium, 
solution this compound (Adrenaline Chloride, Parke, Davis Co.) was diluted with 
the chilled incubating medium final concentration immediately before 
the beginning the incubation period, avoid auto-oxidation this compound. has 
been reported that the presence diaphragm tissue the incubating medium protected 
epinephrine from oxidation (11). 

The combined effect epinephrine and hydrocortisone glucose uptake the 
diaphragms was tested under the following experimental conditions: (a) simultaneous 
incubating medium; (b) vitro addition ug. epinephrine the phosphate medium 
which diaphragms removed from hydrocortisone pretreated rats were incubated; the 
dose hydrocortisone this experiment was mg. administered I.P. hours before 
bicarbonate incubating medium; and (d) vitro addition epinephrine and 
hydrocortisone the bicarbonate medium which diaphragms adrenalecto- 
mized rats were incubated. 


RESULTS 


Basal levels glucose uptake the rat diaphragm are higher the 
bicarbonate than the phosphate medium. The vitro effect hydro- 
cortisone glucose uptake the rat diaphragm also depended the 
composition the medium which the incubation this tissue was 
carried out (Table 1). the bicarbonate medium glucose uptake was not 


TABLE 1. THE in vitro EFFECT OF HYDROCORTISONE ON GLUCOSE UPTAKE BY THE 
ISOLATED RAT DIAPHRAGM IN MEDIA OF DIFFERENT IONIC COMPOSITION 


Uptake glucose, mg. per gm. per hour 


Incubating medium hydrocortisone Hydrocortisone added 


High phosphate 2.73 0.45 2.54 0.28 


Incubation for hour 37° ml. incubating medium containing 140 mg. glu ose 
per 100 ml. 

ug. hydrocortisone added. 
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TABLE 2. THE in vivo EFFECT OF HYDROCORTISONE ON GLUCOSE UPTAKE BY THE 
ISOLATED RAT DIAPHRAGM 


Phosphate 2.29 0.31 

mg. daily for days Phosphate 1.65 0.31 7.81 <0.01 
mg. I.P. hours before 

sacrifice Phosphate 1.96 0.43 3.00 
mg. I.P. hours before 

sacrifice Bicarbonate 3.03 0.10 N.S. 

sacrifice Bicarbonate 3.23 0.19 N.S. 
mg. I.P. hours before 

sacrifice 2.84 2.22 <0.05 


Incubation for hour 37° ml. incubating medium containing 140 mg. glucose 
per 100 ml. 


alfected hydrocortisone. significant inhibition glucose uptake 
hydrocortisone occurred the phosphate medium but not the high 
phosphate medium which the concentration had been raised two- 
The effect previous vivo administration hydrocortisone also 
depended the composition the medium which diaphragms pre- 
treated rats were incubated. the phosphate medium both chronic pre- 
treatment with small daily doses hydrocortisone and single injection 
large dose hydrocortisone hours before sacrifice produced signifi- 
‘ant inhibition glucose uptake. effect hydrocortisone glucose 
uptake was manifest the bicarbonate incubating medium following 
single injection mg. hydrocortisone and only slight degree 
inhibition could produced with the administration large pharmaco- 
dose (10 mg.) (Table 2). Thus, the effect hydrocortisone glucose 
uptake the diaphragm was the same whether the steroid was adminis- 
tered the whole animal merely added the incubating medium. 
Adrenalectomy caused significant increase the utilization glucose 
the rat diaphragm both the phosphate and the bicarbonate incubat- 
ing media; this increase was greater the phosphate medium (Table 3). 
This was the only situation which glucose uptake the rat diaphragm 
shown differ from the normal untreated diaphragm when 
bicarbonate medium was used. The vitro addition epinephrine 
adrenalectomized rats failed influence this increased 
icose uptake either the phosphate the bicarbonate incubating 
medium (Table 4). The simultaneous addition hydrocortisone the 
medium did restore the inhibitory effect epinephrine 
5). 
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TABLE 3. THE EFFECT OF ADRENALECTOMY ON GLUCOSE UPTAKE BY THE ISOLATED 
RAT DIAPHRAGM 


Uptake glucose, mg. per gm. per hr. 


Incubating medium Control 


Adrenalectomized, wk. 


Phosphate 2.21 2.75 0.26 6.75 <0.01 


Incubation for hour 37° ml. incubating medium containing 140 mg. 
glucose per 100 ml. 


combined effect epinephrine and hydrocortisone could not 
demonstrated diaphragms removed from intact rats. The results sum- 
marized Table indicate that none the experiments was the com- 
bined effect epinephrine and hydrocortisone greater than that produced 
either epinephrine hydrocortisone alone. 


DISCUSSION 


possible explanation for the differences observed the different 
media may that the intracellular accumulation glucose-6-phosphate, 
non-competitive inhibitor the hexokinase enzyme system, function 
the incubating medium used. these experiments, inhibitory concen- 
trations glucose-6-phosphate probably occur the phosphate medium 
only and not the bicarbonate high phosphate medium. This may 
due the inhibitory effect phosphate the phosphofructokinase 
reaction the Embden-Meyerhof system No. decribed Shaw and 
Stadie (13). Such inhibition would augment the accumulation intra- 
cellular glucose-6-phosphate, since this intermediate could not then 
freely metabolized lactate. has been suggested that excess 
ions interacts with excess phosphate and thus removes the inhibitory 
effects the phosphate this pathway (Personal communication, 
Shaw). This would explain our results using high ion concentrations. 

medium containing large amounts phosphate, the presence any 
other agent which also tends produce glucose-6-phosphate accumulation 
(such epinephrine via its glycogenolytic effects) could lead 


TABLE 4. THE in vitro EFFECT OF EPINEPHRINE ON GLUCOSE UPTAKE BY ISOLATED 
DIAPHRAGMS OF ADRENALECTOMIZED RATS 


| 
| 
| 
| 


Incubating Adrex, week Adrex. +epinephrine 

Bicarbonate 3.37 0.30 3.34 0.22 N.S. 


Incubation for hour 37° ml. incubating medium containing 140 mg. 
glucose per 100 ml. 
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TABLE 5. THE COMBINED EFFECT OF EPINEPHRINE AND HYDROCORTISONE ON GLUCOSE 
UPTAKE BY THE RAT DIAPHRAGM 


Uptake glucose mg. per gm. 


Type experiment Incubating per hr. 
vitro Phosphate 1.70 0.28 


Bicarbonate 3.12 0.13 


vitro 


Phosphate 1.97 0.32 
vivo 
mg. Phosphate 1.96 0.43 
+hydrocortisone vitro 
+hydrocortisone vivo 
mg. Phosphate 1.92 0.37 
Hydrocortisone vitro 
+hydrocortisone vitro 


Incubation for hour 37° ml. medium containing 140 mg. glucose per 100 
ml. epinephrine added vitro. 

Significance difference from glucose uptake values the presence either epi- 
nephrine hydrocortisone alone. 


tion the hexokinase reaction. Thus, apparent inhibitory effect 
epinephrine glucose uptake the tissue would manifested. hy- 
drocortisone, like epinephrine, also leads glucose-6-phosphate accumu- 
lation, it, too, would tend inhibit glucose uptake the phosphate but 
not the bicarbonate medium. unlikely that hydrocortisone affects 
glucose-6-phosphate concentration the same manner epinephrine. 
However, there evidence that hydrocortisone increases the activity 
liver diphosphatase (2). this true the steroid effect 
muscle well, then the increased rate hydrolytic cleavage fructose 
diphosphate could lead the accumulation glucose-6-phosphate when 
the simultaneous action excess phosphate partially blocked the conver- 
sion this intermediate lactate. The chief source the fructose-1, 
diphosphate probably consists preformed three-carbon intermediates 
intermediates resulting from the transamination amino 
the phosphate medium, therefore, hydrocortisone would appear 
inhibit glucose uptake. 

diaphragms from adrenalectomized rats, elevated basal glucose 
together with the absence any demonstrable epinephrine and/or 
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hydrocortisone inhibition observed, despite variations the incubatin 
medium. However, the basal level glucose uptake such diaphragms 
always higher the bicarbonate medium (Table 3). has been reporte 
(14) that from adrenalecotomized animals normally 
increased intracellular ion concentrations. possible that this 
crease sufficient magnitude counteract the effects high 
phate medium. these concentration glucose-6-phos- 
phate critical for the inhibition the hexokinase step might not 
achieved even the presence epinephrine hydrocortisone. 

most experiments reported the literature, inhibitory effect 
either epinephrine hydrocortisone glucose uptake the rat dia- 
phragm vitro has been demonstrated only the phosphate buffer (4, 
15). Negative results have been reported for similar experiments which 
buffered medium was used (5, 9). The ion concentration 
the incubating medium has received little attention this regard. 
possible that this may factor accounting for the discrepancies the 
literature concerning the effect hormones vitro systems. any 
event, since the bicarbonate medium more closely approximates physio- 
logic conditions, data obtained using other types media must inter- 
preted with care with regard physiologic significance. 

Our results not support the hypothesis that there synergistic 
effect epinephrine and hydrocortisone glucose uptake the isolated 
rat diaphragm. However, even diaphragms from adrenalectomized rats, 
hydrocortisone added vitro did not restore normal the basal levels 
glucose uptake. possible that chronic pretreatment the whole 
animal before removal the diaphragm may necessary restore 
normal metabolism this preparation. 
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NOTE INORGANIC OXIDATION PRODUCTS 


LESLIE DEGROOT JACOB BERGER 


Department Medicine, Harvard Medical School, and the Medical Services the 
Massachusetts General Hospital, Boston, Massachusetts 


ABSTRACT 
Unknown Taurog, soluble iodinated component formed incubation 
sheep thyroid homogenates with apparently inorganic oxidation 
product iodide. can formed system containing inorganic iodide, 
alkaline buffer, and oxidizing agent, and also occurred some 
commercial preparations. Unknown does not seem natural 
intermediate the formation thyroid hormone. 


STUDIES the formation protein sheep thyroid 

homogenates and fractions, Taurog and coworkers noted the concur- 
rent formation two components, designated Unknown 
and Unknown identified their chromatographic charac- 
(1). The formation which contained large proportion 
total after incubation the homogenate, depended heat labile 
factors and the presence oxygen. was alkali stable, acid lable, not 
reduced thiosulfate, and did not exchange appreciably with stable 
iodide M). moved toward the anode electrophoresis. did 
not appear during synthesis thyroid hormone vivo, and its formation 
seemed competitive with formation homogenates. Other investig- 
ators, including Wyngaarden and Stanbury (2), Lamberg al. (3), and 
DeGroot and Carvalho (4), have encountered similar compounds 
systems. 

Taurog al. considered organic oxidation product iodide, 
since its differed from iodide, hypoiodite, and iodate butanol- 
ethanol-ammonia chromatographic system. Recently Doctor and Trunnell 
(5) reported several extraneous bands radioactivity I'* solution 
allowed remain exposed room air for several weeks. The authors 
concluded from chromatographic studies that the compounds were not 
oxides iodine. 

This report concerns the nature and significance iodinated com- 
poind apparently identical Unknown Taurog al. and reports its 
formation purely inorganic 


METHODS 


sheep thyroid slices and homogenates, chromatography the 


April 13, 1960. 
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657 


f 
| 


658 AND BERGER Volume 


aleohol, ethanol-2 ammonium hydroxide (B-E-A) system, electrophoresis, and local 
zation carrier compounds have been previously described (4). Inorganic systems 
described under Results. 


RESULTS 


Occurrence Unknown organic systems: 


This component was not detected chromatograms homogenates 
human, rabbit, rat thyroids labeled vivo. When sheep thyroid slices 
were incubated with 15% the labeled iodine appeared 
one hour. 

mitochondrial microsomal preparations, consistently 
all preparations which formed and increased roughly propor- 
tion (4) (Fig. 1A). was not bound the particles, but was 
free solution the incubation medium. Flavine nucleotides augmented 


Fig. Radioautographs B-E-A chromatograms. Sheep thyroid mitochon: ria 
incubated Krebs Ringer Phosphate buffer with with 0.5 visible. 
with 0.45 seen. 
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Fic. Radioautograph electrophoresis and barbital-citrate buffer, 


formation and cupric ion much more (4). Radioactive copper incubated 
with mitochondria and stable did not migrate the zone. 


Tris-HCl buffer (pH 7.4), produced several I'*!-labeled compounds. Sub- 
1B). The component with believed hypoiodous ion (1), 
that thought iodate ion (1) from our data, periodate ion 
with was formed systems including Tris-HCl (pH 7.4, 0.1 M), 
NH,OH Krebs-Ringer bicarbonate, Krebs-Ringer phosphate, 
M), provide alkaline medium. Successfully applied oxidiz- 
ing agents included M), and KIO, M), 
bat CuSO, M), CrCl. M), and FeCl. were not active. 
Thiosulfate inhibited formation. The largest production 
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similar was also readily obtained simply chromatographing 
commercial (Squibb) and eluting the large band appearing the 
zone (Fig. 1C). 

solution was eluted from paper chromatograms 0.1 
and compared the product prepared biologically. Studies were performed 
both with and without carrier with similar results. The 
were usually contaminated with iodide each instance the 
was not altered storing for days. The inorganic prepara- 
tion moved toward the anode half the speed iodide (Fig. 2). When the 
was reduced using the inorganic product was con- 
verted iodide. Incubation with ascorbate M), thiosulfate M), 
thioglycollate M), mercaptoethanol M), penicillamine M), 
chymotrypsin, KSCN M), reduced glutathione had 
effect. Incubation with cysteine hydrochloride (40 mg./ml) buffered 
caused the appear the iodide zone (Fig. Incubation with 


Radioautograph B-E-A chromatogram. incubated 37° with varic 
cil M). Sodium thiosulfate M). NaOH (0.1 M). (.06 M). 
iodide zone. 
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Radioautograph B-E-A chromatogram. incubated 37° with various 
agents minutes. Cysteine mgm./ml. 0.5 (Rf iodide decreased 
just above origin). 


the origin and iodide zones (Fig. 4E). Incubation with (.5 .06 
for hour 37° resulted exchange labeled with unlabeled 
iodine. However, with lower concentration shorter time intervals 
(10 minutes) exchange was not observed (Fig. 4). Unknown prepared 
peroxide oxidation contained This material was more 
resistant than material eluted from carrier-free commercial 

The iodinated components with values .05, .4, and which 


after incubation with were not studied detail. 
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Biologic activity Unknown 


Incubation eluted Tris buffer, 0.1 7.4, with tyrosine 
M), MIT (10-* M), DIT (10-* M), thyroxine M), triiodothy- 
ronine M), sheep thyroid mitochondria, sheep thyroid microsomes, 
sheep thyroglobulin produced labeling the test substances. 


DISCUSSION 


compound apparently identical formed biologic inorganic 
oxidizing systems which have sufficient oxidative potential. not 
function the buffer involved, long the solution alkaline. not 
chromatographic artifact produced great dilution (6) because the 
substance can readily prepared iodide 10-* ion was not 
incorporated into the complex. This material appears inorganic 
oxidation product iodide. Identity with the substance formed biologic 
systems was demonstrated the similarities chromatography, electro- 
phoresis, and reaction with acid, and various reducing agents. 
Stable causes the exchange Unknown for iodide Although 
the relationship was not extensively studied, this occurred proportion 
the ratio stable iodide added, the and iodide present 
This may represent exchange stable for radioactive iodide. Unknown 
one several products formed the action oxidizing agents 
iodide. evidence was found suggest that the iodide can 

_transferred aromatic amino acids, sheep thyroid cell particles, 
sheep thyroglobulin. biologic systems the formation usually 
parallel that but when large amounts are produced, for- 
mation competitive with formation 

The chemical nature the compound has not been elucidated, but 
the basis values does not appear iodide, hypoiodous ion, io- 
date, periodate. Iodine apparently excluded since its the same 
iodide the B-E-A system. iodous ion probably does not exist. Simple 
iodine oxides, such IO, (dioxide), (pentoxide), and (tetra- 
nonoxide) could not exist water solution. appears 
tion level above I-, and possibly less than IO-, since can oxidized 
the latter (Fig. Further speculation the nature the com- 
plex not warranted available data. 
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THE EFFECT RELAXIN UTERINE 
PHOSPHORYLASE THE 


JANET SCHMIDT SAMUEL LEONARD 
Department Zoology, Cornell University, Ithaca, New York 


ABSTRACT 


injection relaxin into estrogen-primed, spayed rats increases uterine 
phosphorylase activity per unit weight tissue. Similar results were obtained 
when estrogen was substituted for relaxin. The estrogen-priming requirement 
for the effect relaxin, this particular instance uterine glycogen, was not 
met priming with testosterone. the spayed non-primed rat, relaxin 
total phosphorylase activity the entire uterus well increasing 
the uterine weight. Over-all, relaxin and estrogen are very similar their effects 
phosphorylase activity. 


hormones known increase glycogen concentration the myo- 
metrium the rat uterus are: (a) the estrogens, which are very active, 
(1, (b) testosterone, which moderately effective only large doses 
(4); and relaxin, which relatively inactive except the estrogen- 
primed rat (5). The activity the enzyme phosphorylase which associ- 


ated with glycogen metabolism, increases the uterus rats treated with 
the above steroid hormones (6), but not known what effect relaxin, 
non-steroid hormone, has upon this enzyme system. This report shows that 
relaxin increases uterine phosphorylase, and presents experiments which 
demonstrate the similarity action between estrogen and relaxin regard 
this reaction. 


MATERIALS AND METHODS 


Adult Long-Evans rats (230-260 gm.) were ovariectomized and hormone treatment 
was started two weeks later. The procedure for animals was similar that 
propionate) was given one week before subsequent hormone injections. Relaxin? was 
dissolved aqueous dye solution (5) and given doses mg. equivalent refer- 
ence standard volumes. Estradiol benzoate and testosterone were 
given 0.1 peanut oil, and all hormones were injected subcutaneously. one experi- 
ment, rats were spayed heat (nucleated cells vaginal smears the evening, the 
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ovaries removed the following morning) and relaxin was hours later. 

autopsy, hours after the last injection, rats were anesthetized with Nem 
butal and the uteri quickly removed, frozen and stored —20° until assayed. Activ: 
phosphorylase and total phosphorylase were determined previously described (6) 
and the ratio The enzyme activity reported liberate: 
from glucose —1— mg. uterine tissue 37° minutes. Uterine 
was determined described (7) and was reported mg. glucose per 100 gm. tissue. 


RESULTS 


single dose relaxin injected into spayed, estrogen primed rats, pro- 
duced slight increase (though not significant) phosphorylase de- 
crease phosphorylase and increase the ratio within hours 


TABLE 1. HORMONAL EFFECTS ON PHOSPHORYLASE ACTIVITY IN THE RAT UTERUS 


Experimental Control 
Treatmentt ug. P+S.E. we. P+S.E. | 


N-Pr. (16) 


173+5.6 | 27+2.2*) 124+4.8 | 21.8+2.1*|| 123+4.9 | 2641.2 | 144+4.9 | 17.8+0.4 


Relaxin 12 Hr. | 
Pr. (10) 3104 15.5 31+2.8*) 7744.9 | 40.74+3.: 


160+5.7 | 25+3.9 | 103+5.4 | 24.14+3.0 


Relaxin 24 Hr. | 
rr. (12) 259+20.9| 5443.5 | 113+3.2* 


Relaxin Hr. 
spayed in heat (14) | 325+21. 


uo 
+ 
uo 
to 
oo 
w 
I+ 
te 
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te 
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Estrogen 12 hrs. 


N-Pr. (14) 


Estrogen 12 hrs. 
Pr. (9) 


Estrogen 24 hrs. | 
Pr. (11) 200+ 14.3 | 45+2.7 92+2.6 | 48.8+2.4 96+3.5 | 2341.0 |,112+6.1 | 20.7+0.5 


+ Pr. =primed; N-Pr. =non-primed; ( ) =number of animals; details given in text. 
* Result not significant; all other results significant, P =.02 or less. 


(Table 1). hours, the activity phosphorylase had significantly 
increased and the activity phosphorylase had returned the control 
level. When rats were injected with relaxin hours after having been 
spayed while heat, changes phosphorylase produced hours were 
very similar those produced the primed rats (Table 1). 

The similarity these results obtained with relaxin and those reported 
with estrogen (6), suggested experiments using depot estrogen-primed 
but substituting estradiol benzoate, single injection, for relaxin. 
The results phosphorylase assay after and hours were 
the same those obtained with relaxin (Table 1). 

Estrogen priming appears essential for the effect relaxin 
enzyme the uterus shown the following experiment. Rats spayec 
weeks previously and injected with single dose relaxin showed 
change phosphorylase the activity ratios, although there 
slight decrease phosphorylase along with increase uterine weig 
(Table 1). 


te 


| | 
| | | 
217+16.2) 264+2.1*| 7541.8 | 35.64+3.5 112+5.5 | 2441.4 123+1.9 | 19.6+1.1 
| 
2654+11.4) 35+1.8*, 8144.3 | 43.8+2.4 || 145+5.8 | 3142.1 | 124+7.6 | 24.8+1.6 
7 
7 
7 
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The possibility that the sensitizing effect estrogen for suitable relaxin 
esponse might also induced some other steroid, having some the 
estrogen, was considered. Since testosterone propionate 
ualitatively similar estrogen increasing uterine weight and glycogen 
ontent (4), experiments were made using male hormone the primer 
efore giving relaxin. change uterine glycogen levels was the criterion 
hosen these experiments. Although previous studies showed that mg. 

propionate daily for days was necessary effect increase 
uterine glycogen (4), single dose mg. given spayed rats was 
{ound ineapable increasing glycogen within hours. When spayed 
were given mg. testosterone propionate the sensitizing dose and 
later given mg. relaxin, there was change the glycogen level 
the uterus within hours. The average uterine glycogen level rats 
pretreated with testosterone and then given relaxin was 92+7.8 mg. 
and the average for rats given relaxin alone was +5.7 mg. view 
these findings, assay phosphorylase was made. 


DISCUSSION 


When relaxin was injected into spayed female rats which had recently 
been under the influence estrogen, the following changes were observed 
the uterus: phosphorylase levels were increased slightly within the 
first hours, and further increased during the next hour period; (b) 
phosphorylase levels were lower than those observed the controls 
hours, but they returned normal levels hours; the enzyme ac- 
tivity ratios were increased both and hours; (d) the uterine weight 
was increased within hours and remained elevated hours. Because 
these changes uterine weight following treatment with relaxin are 
large part due the uptake water (8), changes enzyme activity were 
also the basis the entire uterine weight. Results Figure 
show that hours, phosphorylase per entire uterus had actually in- 
creased together with increase the size the uterus, but because 
the great uptake water, phosphorylase per unit weight tissue ap- 
peared decrease. Active phosphorylase per total uterus increased rela- 
tively more rapidly than phosphorylase within hours, and the total 
amount both and increased still further hours without con- 
comitant increase uterine weight. 

The effects relaxin the uterus were qualitatively simulated 
benzoate when the latter was substituted for relaxin primed 
rats, shown increase phosphorylase activity per unit weight 
tissue (Table 1). Since the uterine weights were increased the various 
hormone treatments obvious that the total amount phosphorylase 
pcr uterus would also increase (Fig. 1). However, there great variation 
weight and response hormones between groups rats, and 
may not valid compare the absolute values obtained. not meant 
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imply Figure for example, that the increase the phosphorylase 
activity per entire uterus greater when one injects relaxin rather than 
estrogen. the primed, 24-hour estradiol-treated rats, the average uterine 
weight was much less than that other experimental groups even though 
the age and average body weight were similar. These data emphasize the 
importance using control animals with each experimental group 
previously noted (6). 

Furthermore, these effects estrogen confirm previous results (6). The 
reported failure estrogen increase uterine phosphorylase the rat 


800 


600 


ENZYME ACTIVITY PER UTERUS 


N-Pr. Pr. Pr. N-Pr. Pr. Pr. 
Hr. Hr. Hr. Hr. Hr. Hr. 


liberated single uterus under the conditions indicated: Pr.=primed rat, 


others most likely due the inadequacy the methods used when ap- 
plied uterine tissue (9). The explanation for the changes uterine 
phosphoryiase following estrogen treatment (6) might well applical 
those following relaxin treatment. Thus, there appear two 
the effect relaxin: the first, during which phosphorylase increases 
the expense inactive phosphorylase and the second involving 
tion more enzyme both forms the tissue water decreases and 
weight increases. However, the time sequence the appearance 
two phases may not correspond exactly that observed with estrogen. 
The necessity estrogen priming, either result injection 
normal ovarian activity order best demonstrate the effect 
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was obvious these experiments, and this conforms with the requirements 
the effects relaxin other responsive target organs (10). Estrogens 
nust highly specific for conditioning the uterus these responses be- 
‘ause testosterone, which alone acts like estrogen increasing uterine 
and enzyme activity, was incapable sensitizing the uterus 
relaxin. The data confirm previous report that relaxin, the 
estrogen priming, increases uterine weight (8), and they also 
show that phosphorylase and within the entire uterus increased the 
rat (Fig. 1). 

The impression one obtains that relaxin may potentiating some 
esidual estrogen the uterus perhaps activating some inactive form 
estrogen, which any case, gives response similar that estrogen 
itself. While the mechanism action relaxin still unknown, the effects 
are quite similar those estrogen the uterus, and appears that this 
the first instance where relaxin has been shown induce change 
enzyme system within the target organ. 
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INTERPUBIC LIGAMENT REGRESSION RELAXIN- 
TREATED VIRGIN AND PRIMIPAROUS, 
POST-PARTUM 


HORN 
Department Anatomy, Albany Medical College Union University, Albany, New York 


ABSTRACT 
Interpubic ligaments post-partum mice undergo rapid involution whereas 
those produced virgin mice relaxin treatment persist for least 104 days. 
High doses thiouracil caused marked regression the persistent ligament, 
probably decreasing thyroid Thyroid hormone thus seems neces- 
sary for maintenance well growth (7, the ligament. 

attempt explain the involution the interpubic ligament preg- 
nant mice and the persistence the experimental ligament nulliparous mice 
the following factors were studied possibilities: (1) difference hormonal 
balance the post-partum mouse contrast the treated nulliparous mouse, 
(2) nursing versus non-suckling and (3) influence residual long-acting estro- 
gen prime. Although each these factors appears play definite role the 
involution maintenance the ligament, results this study indi- 
cate that none are principally responsible. 


UBIC symphyses post-partum mice rapidly resume appearance 

and dimension quite similar those nulliparous mice (1, how- 
ever, interpubic ligaments resulting from the administration exogenous 
relaxin not regress significantly, least within weeks (3), following 
their induction. 

variety hormones (3, 8), thiouracil (7) and stresses (9) 
reportedly can inhibit interpubic ligament development pregnancy 
well response exogenous relaxin. Few studies have dealt with the 
experimental involution the persistent, exogenous relaxin-induced liga- 
ment. Testosterone, progesterone (3) and thiouracil (10), all high dos- 
ages, have been found cause varying degrees ligament involution 
the non-gravid mouse. These data, however, explain neither the rapid 
dynamic regression interpubic ligaments post-partum mice nor 
persistence relaxin-treated virgin mice. 

The following report deals with the results attempts reduce 
sistent interpubic ligaments relaxin-treated, virgin mice 
and appearance similar those post-partum mice. 
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MATERIALS AND METHODS 


All mice (Albany strain) were 110-130 days old when experiments began. Animals 
vere fed Purina fox chow meal ration) and provided tap water libitum. 


thyroid powder administration 


Female mice were given, subcutaneously, cyclopentyl-propionate! 
ECP) followed eight days 0.2 ml. benzopurpurine 4-B* 
L-390). Twenty-four hours later control animals (Group were killed and interpubic 
gaments were measured with vernier calipers. The remaining mice were divided into 
additional groups and were further maintained the ration, which sup- 
(Group 1.0% thiouracil (Group 2.0% thiouracil (Group IV), 1.0% 
hyroid powder (Group V), and 2.0% thyroid (Group VI) were added. These groups 
were maintained their respective diets for days following relaxin adminis- 
‘ration, then killed and the ligaments measured with vernier calipers. 


pregnancy relaxin treatment 


(a) Large numbers virgin females were allowed mate for single night (16 
then separated from the males, and maintained fox chow and tap water, 
libitum for period days. this time those mice obviously pregnant were sepa- 
rated into two groups; controls (Group were killed the 19th day gestation, 
whereas the others (Group were maintained until the 7th day, post partum. 

(b) Virgin mice were injected, with ECP followed days with 
mg. relaxin ml. L-390 and the interpubic ligaments measured directly 
times magnification under transillumination (11) hours (Group 3), days 
(Group 4), days (Group and 104 days (Group after the relaxin administration. 
Group was composed virgin mice identically maintained and treated (with estrogen 
and relaxin), which addition were permitted breed. These mice were killed days 
post-partum, 104 days after relaxin administration. 


Suckling vs. non-suckling 


Virgin mice days age were bred, and pregnancies occurred two major 
(ultimately nearly equal number) groups were formed. one group the pregnant 
femaies were kept individually cages with solid bottoms covered with sawdust. Mice 
the other group were kept individually mesh wire bottom cages that litters 
would almost instantly drop through pan beneath, denying the mother nursing 
the litter. the day delivery, mice these two groups were individually maintained 
one several lesser groups with without their litters depending upon their group 
origin. Groups were made nursing mice, those deprived their 
young. Mice groups and and and were intact females killed the 3rd, 
and 14th day postpartum respectively. the day delivery, one ovary was re- 
moved from females Groups and whereas those Groups and were totally 
Mice Groups and were injected with ug. ECP, and those 
and with 1.0 mg. progesterone,‘ daily, for days beginning with the day 


Depo-estradiol, Upjohn, Kalamazoo, Michigan. 

Releasin preparation W1164-A, Lot M48, each mg. equivalent 0.12 mg. relaxin 
Standard lot generously provided Warner-Lambert Research 


Kindly supplied Drs. Kroc and Steinetz, Warner-Lambert Research Institute, 
Wyeth Laboratories Inc., Philadelphia, Pa. 
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TABLE 1. REGRESSION OF INTERPUBIC LIGAMENTS IN RELAXIN-TREATED MICE FED 
THIOURACIL OR THYROID POWDERT 


Fox chow Post-injection Interpubic 
supplement No. mice ligament, mm. 

thiouracil days 1.03 +0.09 

thyroid 


days 


.44+0.18 


Standard error the mean. 
All mice received ECP days prior administration relaxin and were 
killed the intervals indicated following relaxin administration. 


delivery. Interpubic ligaments were measured directly transillumination the 7th 
day post-partum. 


RESULTS 


Thiouracil thyroid powder 


Controls (Group Table had average separation 
1.77 mm. hours after relaxin administration. Those permitted days 
for regressive changes take place (Group II) had only slightly shorter 
ligaments averaging 1.63 mm. length. However, mice fed 2.0% thiouracil 
(Group IV) showed 42% reduction ligament length after days (1.03 
mm.). The effects 1.0% thiouracil, 1.0% thyroid and 2.0% thyroid die- 
tary supplements upon established interpubic ligaments were not marked. 


Superimposition pregnancy 


Pregnant mice, used controls (Group Table killed the 19th 
day gestation had ligaments which averaged 3.85 mm. 
length. Normal involutionary changes occurring during the first days 


post-partum produced markedly narrower symphyseal separation (Group 
mm.). 


TABLE COMPARISON INTERPUBIC LIGAMENT LENGTH 19-DAY PREGNANT MICE, 
POST-PARTUM MICE, RELAXIN-TREATED NULLIPAROUS AND PRIMIPAROUS 


Group No. Autopsy No. ligament, mm. 
days gestation 3.85 +0.24* 
hrs. post-inj. 2.10+0.08 
104 days 2.09+0.11 
104 days 1.04+0.07 


days post-partum) 


Standard error the mean. 
Mice were bred approximately days after relaxin injection, delivered and killed 
days post-partum (104 days following administration relaxin). 


Mice groups 3-7 all received ECP days prior administration 0.1 mg! 
relaxin, and were killed the times indicated. 
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Ligaments estrogen-primed, virgin mice killed hours after admin- 
istration 0.1 mg. relaxin measured 2.10 mm. (Group 3). There was 
apparent regression ligaments produced this manner even after 104 
days (Groups and 6). Likewise, similarly treated virgin mice (Group 
which were bred (and conceived approximately days following relaxin 
administration), permitted nurse their young and killed days post- 
partum (104 days after relaxin administration), showed significant 
narrowing the symphyseal gap produced exogenous relaxin. 


Suckling vs. non-suckling 
Interpubic separation intact mice, permitted suckle their young, 
killed days post-partum was markedly reduced (Group Table 


TABLE 3. INFLUENCE OF SUCKLING UPON INVOLUTION OF INTERPUBIC LIGAMENTS IN 
POST-PARTUM MICE 


Suckled Non-suckled 
Days Days 
Group Treatment post- Interpubic Group Treatment * post- Interpubic 
partum ligament, mm. partum ligament, mm. 
A None 3 1.05+0.13* (14)** H None 3 1.26+0.10 (16) 
B None 7 0.76+0.08 (19) I None 7 1.14+0.07 (28) 
None (19) None 1.10+0.10 (16) 
D 1/2 Ovariex 7 0.94+0.15 (31) K 1/2 Ovariex 7 1.00+0.18 (24) 
E Ovariex ie 7 0.98+0.10 (24) L Ovariex 7 0.96 +0.14 (15) 
F 10 wg. ECP 7 3.10+0.21 (16) M 10 wg. ECP 7 2.32+0.17 (17) 
G 1.0 mg. Proges- 7 0.87+0.12 (10) N 1.0 mg. Proges- 7 0.75+0.11 (9) 


terone terone 


* Standard error of the mean. 
** Number in parentheses indicates total! number of mice in group. 


length when compared the maximal separation just prior parturition 
(Group Table 2). Interpubic ligaments intact, nursing mothers were 
further reduced the 7th day following parturition (Group B), but addi- 
tional days (14th day post-partum) appeared produce greater change 
(Group C). Intact post-parturient mice denied nursing their litters (Group 
seemed show the same rapid regression the symphyseal separation 
the first days but revealed further decrease length even days 
post-partum (Groups and J). Total and hemi-ovariectomy appeared 
without effect nursing mice (Groups and killed the 7th post- 
partum day, well those denied the young (Groups and L). 

Daily injections 1.0 mg. progesterone appeared without effect 
upon post-partum involution the interpubic ligament post-parturient 
mice which suckled their litters (Group G), but did permit ligament regres- 
sion the non-nursing mice (Group continue until symphyseal 
separation equalled that observed nursing mice (Group B). the other 
administration ECP daily during the first days after 
almost completely blocked normal regressive changes the liga- 
mice nursing their young (Group and partially blocked this 
egression non-nursing mothers. 
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DISCUSSION 


The virtual absence any involutionary change the dimension 
interpubic ligaments relaxin-treated, virgin mice the present study 
consonant with the unpublished data Steinetz, al. (3, see discussion). 
Thiouracil not only inhibits ligament formation and growth pregnant 
well nulliparous mice given relaxin (7), but also influential the 
involution otherwise persistent interpubic ligaments occurring re- 
sult exogenous relaxin administration. Similarly, thyroid powder fed 
during gestation reduces the response endogenous relaxin, but 
clearly enhances this response nulliparous mice (7). These data suggest 
that thyroid hormone then necessary not only for the growth the liga- 
ment but for its maintenance well. Regression the experimental inter- 
pubic ligament following thiouracil administration may therefore 
result the loss the permissive role played thyroid hormone. 
not too surprising then that thyroid powder seemingly ineffective 
reducing the symphyseal gap relaxin-treated mice. how- 
ever, the mechanisms whereby progesterone and testosterone (3) cause 
involution existent and persistent ligament why liga- 
ments pregnancy should rapidly regress and those produced relaxin 
administration not are not apparent. 

The seeming permanency the experimental ligament contrast 
the rapidly and dynamically involuted ligament pregnancy, however, 


suggest several possibilities: (1) that there marked difference 


the hormonal balances the post-estrogen primed, relaxin-treated mouse 
versus that the post-partum mouse, which prevents ligament involution 
and remains unchanged the superimposition pregnancy, (2) that 
neuro-humoral mechanism, such suckling, permitted the post-partum 
mouse and denied the relaxin-treated mouse may instrumental the 
involution and/or (3) that there difference, not the degree of, but 
manner response the mouse its own endogenous relaxin from that 
the hormone porcine origin. 

With respect the first these possibilities, estrogen administered 
the post-partum mouse appears block almost completely the usua! 
rapid regression the ligament both suckling and non-suckling mice 
(Groups and Table 3). Further, the elevation estrogen levels whic! 
occurs the last trimester pregnancy well the need for 
priming virgin mice for optimal responsiveness relaxin indicates 
estrogen favors growth and maintenance the interpubic ligament. Fron 
this would seem that the long-acting estrogen used priming may pre- 
vent involution the experimentally created ligament inhibit the for 
mation substances ordinarily responsible for its involution. difficult 
however, think its activity persisting effectively after 104 day: 
The involution observed following administration thiouracil might 
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explained reduction the animal’s sensitivity the residue the 
estrogen prime. Such explanation, however, cannot account for the 
persistence ligaments observed Steinetz (3, see discussion) pregnant 
mice given additional exogenous relaxin, but exogenous estrogen. 

contrast the favorable growth promoting and maintenance effects 
estrogen, progesterone, the mouse, inhibits igament growth (2) and 
causes its regression (3, see discussion). Likewise, the present study indi- 
that progesterone causes reduction the symphyseal gap non- 
nursing mice (Group equal that suckling mice (Group Table 3). 
However, the nearly normal degree ligament involution ovariecto- 
mized mice (Groups and tends eliminate progesterone the prin- 
cipal responsible for the persistency the ligament non-gravid 
mice. Further, hormonal imbalance created virgin mice following 
the induction ligament growth which inhibits its normal in- 
volution, this imbalance does not appear corrected the superimpo- 
sition pregnancy and parturition upon relaxin treatment. 

Although there are only small differences between the average inter- 
ligament lengths post-partum suckling mice and non-suckling 
mice (Groups and Table 3), the fact that both groups show the same 
rapid involution during the first days seems deny that the sucking 
stimulus total explanation for the permanency experimentally 
created interpubic ligaments. 

With regard the third possibility, Frieden (12) observed marked 
difference the decrease sensitivity guinea pigs repeated admin- 
istration relaxin from two and biologically heterogeneous 
(pregnant rabbit serum and sow’s ovaries). view this 
seems that must determined whether not there persistence 
the ligament created exogenous administration relaxin 
mouse origin before the problem ligament persistence can resolved 
further. 
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RADIOAUTOGRAPHIC STUDIES THE ULTIMO- 
BRANCHIAL BODY AND THYROID GLAND 
FISHES AND AMPHIBIANS 


CHARLES SEHE 
Department Zoology, State University Iowa, City, 


ABSTRACT 


The possibility that the ultimobranchial bodies lower vertebrates may 
share with the thyroid gland the ability metabolize iodine has been investi- 
gated through use radioactive iodine and radioautography. Carrier-free 
was administered selected telosts (Ameiurus melas, Carassius auratus, 
and Cyprinus carpio) and amphibians (Ambystoma maculatum, tigrinum, 
Bufo americanus, Desmognathus monticola, Rana pipiens, 
Taricha torosus, Triturus viridescens, and Xenepus laevis). Radioautographs 
ultimobranchial glands prepared from both normal and experimental (thy- 
roidectomized and hypophysectomized) specimens disclose storage iodine 
their follicles under conditions which (in normal individuals) gave high 
accumulations the thyroid gland. 

The ultimobranchial bodies juvenile and adult salamanders (D. quadra- 
maculatus, monticola, Taricha torosus, and Triturus viridescens) not 
hypertrophy after thyroidectomy. both Bufo and Rana larvae similar re- 
sponses the ultimobranchial bodies hypophysectomy were observed. 
There marked retardation development and differentiation the gland 
and the single follicle, typical normal larvae, permanently retained. 

The ultimobranchial bodies lower vertebrates never direct con- 
tact with the thyroid gland, nor they serve accessory thyroid tissues. 
Furthermore, inconstancy secretory activity coupled with considerable 
variation size and morphology the ultimobranchial glands suggest that 
they are not any endocrine importance. 


EXTENSIVE literature the ultimobranchial body shows that 
this epithelial derivative the pharynx present all vertebrate 
classes (1, 2). This gland soon loses its attachment the wall the em- 
bryonic pharynx, but its later developmental history different species 
varies accordingly. Consequently, there remains partial disagreement 
its differentiation, fate, and physiologic importance. functions have 
been brought into although several possible ones were 
and discussed (1, 3). Presence secretion some the follicles, 
sembling colloid substance normally seen the thyroid gland, has sug- 
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certain observers that the ultimobranchial glands lower verte- 
may have some similar function (4, 6). Other investigators have 
that has undergone regression during evolutionary history 
ind lost its (unknown) original function (7). 

clear from examination the relevant literature that results 
the function the ultimobranchial body are both numerous 
ind contradictory. The following approach the unsettled problem 
means radioisotope administrations and radioautography. The pres- 
report restricted observations lower vertebrates. Studies 
-onditions reptiles, birds and mammals are progress. 


MATERIALS AND METHODS 

Fishes and amphibians for this work were collected locally obtained from commer- 
cial sourees (Table 1). Rana pipiens and Bufo americanus embryos were hypophysecto- 
mized early tail-bud stage (st. 17; stage designations according Witschi) (8), and 
maintained until control sister animals metamorphosed. The thyroid gland 
laterally removed means from juvenile and adult salamanders (Desmogna- 
thus monticola, quadramaculatus, Taricha torosus, and Triturus viridescens). 

Carrier-free iodine was administered adult teleosts and amphibians intra- 
peritoneal injections Anuran larvae (st. were immersed solutions 
(0.45 After forty-eight hours the animals were killed and the tissues 
the thyroid and regions removed, for fixation Bouin’s 
fluid and processing according the usual techniques. Radioautographs 
the serial tissue sections thyroid and ultimobranchial glands were made following the 
wet-mount method Evans (9). The relative activity tissues was determined with 
glass-walled counter establish the proper length exposure the 
plates spectroscopic, type The developed plates were stained 
Harris’ haematoxylin and counterstained with eosin (95% 


OBSERVATIONS AND RESULTS 


Radioautographs thyroid glands normal adult fishes and amphibians 
show localization within the follicles (Figs. 2). Not all follicles 
accumulate the same amount iodine. Failure store evident 
the thyroid glands hypophysectomized Bufo and Rana larvae. 


The unpaired ultimobranchial body adult specimens Cyprinus and 
situated the connective tissues, ventro-lateral the esoph- 
agus, the level the venous sinus (10). all carps the gland was found 
rather well developed, consisting numerous, closely aggregated 
which are bounded peripherally thin connective membrane. 
Large distended follicles frequently displaying syncytial epithelial walls 
the gland this cyprinoid (Fig. 3). However, goldfish the 
body not equally well developed. Numerous solid cell 
frequently are intermingled among the follicles. connective 
membrane may form septum which divides the gland into two 
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TABLE 
Specimen No. animals 
FISHES 
melas, adult 
Carassius auratus, adult 
Cyprinus carpio, adult 


AMPHIBIANS 


Ambystoma maculatum, adult 
Ambystoma tigrinum, adult 


Bufo americanus 


normal adult controls 
hypophysectomized larvae 
metamorphosing larvae (st. 
normal larvae (st. 25-29) 


Desmognathus quadramaculatus 
normal adult controls 

normal juvenile controls 
thyroidectomized juveniles 


Desmognathus monticola 


normal adult controls 
normal juvenile controls 
thyroidectomized juveniles 


Rana pipiens 


normal adult controls 
hypophysectomized larvae 
metamorphosing larvae (st. 30-33) 
normal larvae controls (st. 


Taricha torosus 
normal adult controls 
adults 


Triturus viridescens 
normal adult controls 
thyroidectomized adults 


laevis 
normal larvae (st. 28-30) 
normal young adults 


Volume 


administered 


All fishes were given 
intraperi- 
toneally 


Adult and juvenile 
amphibians were 
given ue. 
intraperitoneally 


Larval anurans were 
immersed solutions 
containing 0.45 


portions, condition considered typical the embryo. both species 


many follicles contain several degenerating cell nuclei, sometimes 
ultimobranchial bodies are embedded the loose connective tissues 
lateral margin the transverse septum. Most frequently they consist 
few follicles, irregular shape, with occasional appearance several 


cell strands. all fishes numerous capillaries and sometimes pigment 
are penetrating the ultimobranchial body region. storage iodine 


indicated the radioautographs (Figs. 5). 


Amphibians 


this class the ultimobranchial bodies are variable position but 
erally they lie attached the root the ventral arches near 
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Radioautograph the thyroid gland Carassius. The non-capsulated fol- 
. . -. 
licles, indicated the dark areas, closely aggregate side and ventral the 


pericardium (11, 12). They are paired anurans, but single urodeles, 
here the left side only. fishes, capillaries and pigment 
cells frequently are noted among the ultimobranchial tissues amphib- 

(20 30) follicles and irregular cell strands (Figs. which are arranged 
clusters (Ambystoma maculatum, Taricha and Triturus), island- 
chain formations (Ambystoma tigrinum and Desmognathus quadramacu- 


Fig. Radioautograph left thyroid gland Ambystoma tigrinum, showing 
accumulation within the numerous follicles the gland. and 
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latus), are loosely scattered among the subpharyngeal tissues (Des- 
mognathus monticola). Variations definite location, size and arrangement 
the follicles and cell strands were noted among individual specimens. 
The dark-staining cells contain relatively little and are arranged 
compact, pseudostratified epithelium. However, monticola 
definite follicles are seen. Here, the ultimobranchial body poorly de- 
veloped, consisting primarily epithelial cell strands. 

serous substance was observed some large follicles all adult speci- 
mens Ambystoma, Bufo and Rana. quadramaculatus, Taricha 
and Triturus viridescens the secretory content present either 
granular. There was evidence secretory activity the 

thyroidectomized juvenile and adult specimens Taricha, Triturus 
and Desmognathus the thickened skin condition typical 
salamanders becomes evident. Completeness the operation also ascer- 
tained examination tissue sections and radioautographs the region 
from which the glands have been removed. these individuals study 
the ultimobranchial body was made for signs activation, such multi- 
plication cells, increased cell size and other comparable stimulatory 
effects. figures were not observed cells the follicles among 
the epithelial strands, nor were any other morphologic changes detectable, 
even those which were maintained for days after the 
operation. There evidence storage iodine the ultimobranchial 
follicles, either the control the thyroidectomized groups (Figs. 
10). 

young tadpoles Bufo and Rana (st. the paired glands consist 
each one single follicle, while metamorphosing larvae (st. and 
adult toads and frogs the number follicles increases many 


Section through the esophageal region Cyprinus, showing extensive follicular 
development the ultimobranchial gland. Numerous capillaries can seen throughout 
the ultimobranchial tissue. and 

Radioautograph portion ultimobranchial gland from Cyprinus. 
iodine storage indicated, although some the follicles contain secretion and cellu- 
lar debris. and 

Radioautograph several ultimobranchial follicles (f) pig- 
ment cell (pg) close proximity blood vessel. and X228. 

Section through the pericardial region (pre) Desmognathus quadramaculatus, 
mm. length. Secretion (arrows) present the larger follicles which lie between 
the ventrotransversus (vm) and thoracohyoideus (tm) muscles. Mallory’s stain. 

Ultimobranchial follicles normal adult Taricha, mm. length. Secretion 

Fig. Radioautograph the ultimobranchial follicles thyroidectomized adult 
mm. length, forty-three days following the operation. and 
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(left). Radioautograpb portion the ultimobranchial gland normal 
adult Triturus, mm. length. and 
(right). Radioautograph ultimobranchial gland thyroidectomized 


mm. length, thirty-six days following the operation. and 


three (Figs. 11, 12, 13). Only adult specimens there any indication 
secretory activity. However, extruded cell nuclei occasionally are found 
within the follicles metamorphosing larvae. both Bufo and Rana 
larvae similar responses the ultimobranchial bodies hypophysectomy 
were observed. There marked retardation development and differ- 


11. Section through the pericardial region normal Rana larva (st. 31). 
paired ultimobranchial glands (ub) either side the glottis. Two follicles mak 
the gland the right. and X80. 
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12. Photograph the left ultimobranchial follicle the same animal Fig. 
Note the presence extruded cell nuclei within its lumen. and 

13. Radioautograph several ultimobranchial follicles newly metamor- 
phosed Rana larva. (st. 33). and 


Rana larva. and 


15. Radioautograph right ultimobranchial follicle hypophysectomized 
Bufo larva. and 


entiation the gland and the single follicle permanently retained (Figs. 
15). The follicle cells contain relatively less cytoplasm and the elliptical- 
shaped nuclei stain intensely. normal larvae and adults the nuclei the 
are usually rounded, light-staining, and are surrounded moderate 
cytoplasm. 

Xenopus laevis larvae (st. 28-30) several follicles, containing faintly 
substance, are seen either side the glottis. discrete fol- 
‘icles were found any the young adult specimens. these individuals 
complete absence characterize the ultimobranchial body. 
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Radioautographs ultimobranchial bodies all anuran specimens proved 
negative. 


DISCUSSION 


The possibility that the ultimobranchial body possesses glandular 
structure similar that the thyroid gland has been considered many 
investigators. Conjectures this sort were based the histologic similar- 
ity with the thyroid gland and functionally the occurrence colloid 
secretions. fishes Giacomini (10) reported the presence 
granular substance. other teleosts the secretion has been described 
colloid (1, 10). Although the ultimobranchial gland anurans con- 
tains serous secretion (1, 11), urodeles its content either serous 
colloid (1, 12). found the follicles the glands forms 
studied this report was either granular (Cyprinus), serous (Rana and 
Ambystoma), consisted homogeneous substance which stains 
similarly thyroid colloid (Desmognathus quadramaculatus and Triturus 
viridescens). 

Ambystoma opacum Uhlenhuth and (13) noted that growth 
the ultimobranchial body interrupted during metamorphosis and, but 
slowly, proceeds again thereafter. They concluded that the larger the 
thyroid gland grows, the smaller becomes the relative size the ultimo- 
branchial body. The possibility that the ultimobranchial body might un- 


dergo differentiation and assume thyroid function compensatory hyper- 


trophy suggested the surgical removal the latter gland. 

The results our own experiments agree with those obtained 
Steinitz and Stone (6) who report that adult Triturus viridescens 
structural changes the ultimobranchial body follow the removal the 
thyroid gland. Similar results for thyroidectomized Lacerta agilis main- 
tained from two ten months following the operation have been described 
Eggert (14). 

Ablation experiments would most helpful determining whether 
not the ultimobranchial glands amphibians possess endocrine func- 
tion. However, Eggert (14) reported, upon the removal the ultimo- 
branchial bodies from Lacerta, that the lizards behave normal individ- 
uals i.e., feed normally and shed their skins regularly various intervals. 
Furthermore, noted that acceleration metamorphosis occurs 
Triturus alpestris larvae which have received ultimobranchial implant: 
from Lacerta. probable therefore that the absence the ultimo- 
branchial bodies salamanders would also live just normally before 

frogs and toads secretory activity seems restricted postmetamor 
stages. any rate accumulation secretion follicles was 
served during the larval period. the larvae these anurans the 
the hypophysis and subsequent failure metamorphosis are accom 
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cessation further growth proliferation the follicles the 
gland. Even though this represents certain dependence 
the later stages development from the hypophysis, most likely not 
direct relationship. Rather seems that arrest this development 
with other metamorphic changes. 

Xenopus Saxén and Toivonen (15) have observed that the ultimo- 
ranchial body reaches its highest development during stages and 
follicles regress during the final stages metamorphosis (st. 
using they have shown also that the ultimobranchial body Xen- 
opus does not functionally behave thyroid tissue. They concluded that 
gland does not form thyroid tissue accessory epithelial bodies (para- 
thyroid glands), and that has “its own secretory Sterba (16) 
postulated that the ultimobranchial follicles Xenopus eventually are 
resorbed chondroblasts the enlarging glottis. the basis the re- 
sults obtained these investigators the partial complete atrophy the 
gland young adult Xenopus seems sufficiently explained. 

The ultimobranchial body lower vertebrates never comes into direct 
contact with the thyroid gland nor does ever transform into accessory 
thyroid tissue. This interest because some mammals becomes 
intimately associated with the thyroid gland during fetal development, 
and widely held that these “lateral assume also thyroid 
functions (2). 

Our isotope studies show that fish and amphibian ultimobranchial bodies 
not store any iodine, even though they have all the ‘‘morphologic requi- 
sites actively functioning endocrine glands” (1). Consequently they 
not have the value functional thyroid tissue, and not partake the 
characteristic metabolism the thyroid follicles. the basis their 
results Rasquin and Rosenbloom (3) suggest parathyroid function for the 
ultimobranchial glands the blind cave fish, Astyanaz. 

Although some small amount secretion may formed—most abun- 
dantly quadramaculatus and Rana pipiens—considerable 
variation size, structure, number and distribution the ultimobranchial 
follicles suggest that they are not endocrine importance. This conclusion 
based the following facts: the ultimobranchial glands not me- 
tabolize and store iodine, they not hypertrophy after thyroidectomy 
and, they remain structurally unchanged after hypophysectomy. 

Therefore, from our findings and the critical review the literature 
that the ultimobranchial bodies fishes and amphibians are not 
accessory thyroid glands. Thus this case similarity morphologic struc- 
not associated with similarity functional capacity. Not only can 
not recognize any endocrine value the ultimobranchial bodies, but 
the comparative study does neither suggest that they might vestiges 
gland some ancestral stock. 
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AUTOTRANSPLANTATION THE ADRENAL THE RAT 
THE PORTAL CIRCULATION: EFFECT ADMINI- 
STRATION TESTOSTERONE MALE 


DONALD BERNSTEIN 


Mount Zion Hospital, San Francisco, California 


ABSTRACT 


extraordinary hypertrophy occurs the adrenal gland transplanted 
into the portal circulation the female rat. This phenomenon estrogen de- 
pendent since eliminated the female castration the administration 
testosterone and induced the male following the administration estro- 
gen. the present study, the administration testosterone the male rat 
induced moderate degree hypertrophy the implanted adrenal. The 
extent this adrenal enlargement approximated that which ,occurred from 
exogenous ACTH but was only that obtained from the administration 
estrogen. suggested that the stimulation the implanted adrenal gland 
the male may have from the partial conversion testosterone 


REVIOUS studies showed that the marked hypertrophy which oc- 
curred the adrenal gland implanted into the portal venous bed 
the adrenalectomized rat was dependent upon estrogen (1, 3). This 
dependency was demonstrated the following: the hypertrophy oc- 
curred only the female and was eliminated castration the adminis- 
tration testosterone, did not occur the male sex, and could 
induced the male the administration estrogen. recent report 
showed that ‘‘overproduction was neither responsible for the 
development the adrenal hypertrophy the implanted gland nor could 
explain the dominant role played estrogen the phenomenon (4). 
The present investigation, further study the etiology this adrenal 
hypertrophy, demonstrates that testosterone—an inhibitor hypertrophy 
the female—induces moderate degree enlargement the implanted 
adrenal the male rat. 


METHOD 


Male rats the Long-Evans strain weighing approximately 250 gm. were divided 
four groups. Groups and which served intact and castrated controls 
only the right adrenal gland was removed. The other two groups and 
were bilaterally adrenalectomized. Group the left adrenal was re-implanted 
Received May 31, 1960. 
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the portal circulation (i.e. the greater curvature the stomach). Group was 
trated and the left adrenal similarly re-implanted the portal circulation. The animals 
all the groups were injected intramuscularly with mg. testosterone cyclo- 
pentylpropionate (Upjohn) immediately after the operation and every three weeks until 
sacrificed. 

All the animals were maintained standard laboratory diet with saline substituted 
for tap water during the first weeks following surgery. The rats were weighed, sacrificed 
and subjected autopsy after 150 days. autopsy, the adrenal gland was carefully 
freed adherent tissue, blotted and weighed. adrenal remnants were found due 
incomplete removal the gland from its original site, accessory tissue was dis- 
covered, the animals were not included the series. 


RESULTS AND DISCUSSION 


From Table observed that following unilateral adrenalectomy the 
administration either the non-castrated Group 
castrated Group does not result hypertrophy the adrenal left situ. 
The adrenal increments 1.7 and 1.2 respectively, are the same magni- 
tude the increments previously published for similar groups male rats 
which testosterone had not been administered (2). However, the admin- 
istration testosterone the adrenalectomized male which the adrenal 
has been transplanted the portal circulation results moderate degree 
adrenal hypertrophy both non-castrated Group and castrated rats 
Group with increments 8.7 and 8.1 respectively. These increments are 
far larger than similar groups which testosterone was not 
administered (2), and are practically the same those which occur from 
the injection ACTH (4). 

Since testosterone was administered large doses tempting as- 
sume that partial conversion testosterone estrogen occurred (5) 
which resulted the observed stimulation the transplanted adrenal. 
However, the degree adrenal enlargement attained with testosterone 
was but third that occurring from the administration estradiol (3). 


TABLE 1. MEAN CHANGE IN ADRENAL WEIGHT AFTER 150 DAYS OF TESTOSTERONE 
ADMINISTRATION TO MALE RATS* 


Initial wt. Final wt. 


Type experiment (right (left incre- 
adrenal) adrenal) ment 
Left adrenal situ 7.6 9.3 1.7 2.2 


Left adrenal situ, castrated 6.9 8.1 1.6 
(18.0) 


Left adrenal portal circulation 6.7 15.4 8.7 4.2 
(17.6) 
Left adrenal portal circulation, 7.3 15.4 8.1 4.0 
castrated (19.3) 


The numbers parentheses are the mean actual weight the adrenal mg. 


The weight the adrenal expressed the mean weight mg. per 100 gm. body 
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Therefore, further assumption would that the amount estrogen 
obtained from this conversion was enough induce moderate stimula- 
tion the transplanted gland, but insufficient stimulate the adrenal 
situ. Although reasonable conjecture, this explanation does not account 
for the fact that testosterone inhibits the growth the implanted gland 
female rat. 
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EXTRA-ADRENAL SOURCES AND REGULATION 
PLASMA ASCORBIC ACID DURING HEMORRHAGE 
AND VISCERAL 


MARGARET SLUSHER SIDNEY ROBERTS 


Departments Physiological Chemistry and Anatomy, School Medicine, 
University California Medical Center, Los Angeles, California 


ABSTRACT 


Elevated plasma acid (AA) levels were observed adrenalecto- 
mized rats after acute hemorrhage and after hepatic ischemia induced 
clamping afferent vessels the liver (hepatic artery and portal vein). The 
elevation was proportional the severity the circulatory stress. Results 
were similar rats adrenalectomized the time the experiment hours 
earlier. However, hypophysectomy hours prior acute adrenalectomy re- 
sulted elevated resting levels plasma and greater response circu- 
latory stress. all animals, severe hemorrhage (1.4 1.9 ml. blood removed 
over minute period) produced higher levels the liver effluent (upper 
vena cava) than other vessels sampled simultaneously (lower vena cava, he- 
portal vein, and dorsal aorta), suggesting that the liver was the source 
the elevated plasma under these conditions. contrast, the major source 
elevated plasma during severe hepatic ischemia appeared the 
spleen inasmuch the highest levels were found the portal 
vein after this circulatory stress. However, evidence was obtained that the 
liver also contributed elevated plasma levels after severe hepatic 
ischemia, since exclusion the spleen from the circulation eliminated the 
inordinate rise levels the hepatic portal vein, while the liver 
was maintained higher level than the systemic circulation. 
The conclusions may drawn that the liver and the spleen are major sources 
plasma during hemorrhage and hepatie ischemia respectively and that 
release from these organs can occur the absence pituitary-adrenocorti- 
cal function. 


LEVATED plasma ascorbic acid (AA) levels have been reported 
man following the injection ACTH (1, and rats exposed 
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variety stresses (3-6). The source the added plasma under the-e 
circumstances has not been determined but the contribution the 
glands appears insignificant (3-6). Available evidence suggests 
the liver may involved, least during severe hemorrhagic stress 
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hepatic hypoxia presumably present (3). The present experiments were 
designed investigate the extra-adrenal sources and mechanisms re- 
lease plasma during the stresses acute hemorrhage and hepatic 
ischemia. 
METHODS 
Adult male Sprague-Dawley rats obtained from our breeding colony and weighing 
250 300 gm. were kept individual cages temperature-controlled room (78° 
Purina laboratory chow was fed libitum. Hypophysectomized and bilaterally adrenal- 
ectomized animals were given supplements their drinking water glucose and 
0.9% sodium chloride respectively and were used hours after operation. 
Anesthesia was induced intraperitoneal injection Nembutal (pentobarbital 
sodium, mg./100 gm. body weight). Fifteen minutes later, laparotomy was performed. 
Both adrenal veins were tied off and the adrenals removed control and hypophy- 
sectomized animals. this time, the spleen was excluded from the circulation liga- 
ture some the control animals. Approximately 0.2 0.3 ml. heparin was then in- 
jected into branch the right femoral vein. samples blood (0.4 ml.) were 
removed consecutively from the dorsal aorta, inferior vena cava the level the kidney, 
hepatic portal vein, and inferior vena cava its juncture with the hepatic veins. The 
needles (24 G.) were left situ with second set heparinized syringes attached. 
Stresses employed were hemorrhage (slow removal predetermined volume 
blood from the iliae vein, usually over minute period) hepatic ischemia (clamping 
the artery and portal vein for minutes followed release the clamps 
minutes prior the second sampling). samples blood (0.4 ml.) were re- 
moved with the syringes. (including acid and 
diketogluconic acid) was determined each sample the method Roe and Kuether 
(7). some instances, hemoglobin analyses were performed the alkaline hematin 
method index hemodilution hemoconcentration during the period stress. 
Significant changes hemoglobin were not observed except noted below. 


RESULTS AND DISCUSSION 


Initial levels total were similar the blood vessels sampled 
any one group (Table 1). There was tendency for these values 
slightly elevated hours after bilateral adrenalectomy and after splenic 
ligation, but the differences were not always significant. the other hand, 
very substantial elevation occurred uniformly the initial blood levels 
hours after hypophysectomy value <0.01). Moderate hemor- 
rhage (removal 0.7 1.0 ml. blood from the iliae vein) for the most part 
produced small but significant increases total all vessels sampled. 
hemorrhage (1.4 1.9 ml. blood loss) caused marked elevation 
values with the greatest increases occurring consistently the upper 
vena cava, representing large part the added contribution the liver. 
increases blood vessels supplying the liver (dorsal 
and portal vein) and the systemic venous circulation (lower 
cava) averaged ug. per ml. less all groups. These observations 
indicated that the source elevated plasma during the stress severe 
was the liver. This conclusion may also drawn from the ob- 
Sayers al. (3) rats subjected fatal hemorrhage that 
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hepatic ascorbic acid declined plasma acid levels rose. also 
apparent that the activity the pituitary-adrenocortical system was not 
involved the release phenomenon the present studies (cf. also 3-6), 
since all animals were subjected acute prior adrenalectomy and re- 
moval the pituitary hours earlier did not alter the basic pattern. 
would appear from the data Table that the spleen may normally 
tion the removal from the blood since, after its exclusion from the 
circulation, hemorrhage produced very marked elevation plasma AA. 
Only fraction this general elevation (ca. was due hemocon- 
centration following splenic ligation. 

The suggestion has been made that hepatic anoxia ischemia during 
severe hemorrhage may responsible for the release circulation 
Table shows that restricting the hepatic circulation resulted 
and marked elevation concentrations the major abdominal 
vessels. apparent that moderate severe ischemia (blanching 
the liver accompanied varying degrees hyperemia the gut, spleen 
and pancreas), but not mild ischemia (merely the liver), re- 
sulted most instances apparently higher levels the liver efflu- 
ent (upper vena cava) than the circulation (dorsal aorta and 
lower vena cava). However, the increases noted were highly significant 
value <0.01) only hypophysectomized rats subjected severe hepatic 
ischemia and were limited significance <0.05) functionally-splenec- 
tomized rats similarly treated. spleen-ligated rats levels were ap- 
parently higher the upper vena cava than the hepatic 
portal vein, providing additional evidence that the liver may source 
this metabolite during severe hepatic ischemia (as well after severe 
hemorrhage). The main conclusion drawn from the data Table 
however, that the spleen probably the major source the additional 
appearing the circulation after severe hepatic which ac- 
companied splenic hyperemia. Thus, all animals where the spleen was 
functional, this circulatory stress produced more marked elevation 
the portal vein, which drains the spleen, than the systemic 
(dorsal aorta and lower vena cava). Exclusion the spleen from 
the eliminated this difference. These data also suggest that the 
liver may remove from the circulation portion the origin 
which secreted under these circumstances, since the level the upper 
vena cava after ischemia was generally less than the portal vein. 
However, this apparent extraction from the hepatic portal vein 
the liver did not occur the hypophysectomized rat subjected severe 
the absence the pituitary and that this phenomenon responsible for 


the elevated resting levels and accentuated release plasma the 


animal. 
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may concluded from these studies that the spleen, well the 
liver, may important source plasma during stresses which dis- 
turb visceral circulation. The release from these organs occurs the 
absence pituitary-adrenal function. evidence available deter- 
mine whether the spleen, common with the liver the rat (8), capable 
synthesizing well storing this vitamin. 
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LIVER PHOSPHORYLASE NORMAL AND ADRENAL- 
ECTOMIZED DOGS TREATED WITH SEROTONIN! 


JEAN-PIERRE COLOMBO, JANN WEBER,? GUIDO 
GUIDOTTI, DORIS KANAMEISHI PIERO FOA 


Department Physiology and Pharmacology The Chicago Medical 
School, Chicago 12, 


ABSTRACT 


The action serotonin was investigated normal and 
adrenalectomized dogs. normal dogs, intravenous injections serotonin 
were followed promptly hyperglycemia, decreased liver glycogen and in- 
creased liver phosphorylase activity. control adrenalectomized dogs treated 
with saline, progressive decrease blood glucose and liver glycogen was 
observed. Serotonin injections did not prevent these phenomena and caused 
only delayed increase phosphorylase activity. These results are consistent 
with the hypothesis that the increase liver phosphorylase activity, 
genolysis, and blood glucose concentration observed normal dogs, are not 
due direct stimulation liver phosphorylase serotonin, but are 
ondary release epinephrine from the adrenal glands. 


previous work suggest that under different experimental 
conditions, the pancreato-duodenal area may secrete least types 
hyperglycemic substances: one type which released the injection 
deserpidine into the pancreato-duodenal artery, and which, like glucagon, 
originates the pancreas (1) and effective animals pretreated with 
(DHE) (2), and another type which liberated the 
injection growth hormone, does not disappear after pancreatectomy 
and, like serotonin and the catecholamines, blocked DHE The 
exact nature these materials unknown: the pancreas, which the 
major source glucagon, rich 5-hydroxytryptophane decarboxylase 
necessary for the production serotonin (7), and contains abundant un- 
myelinated fibers (8) which may source catecholamines; the 
other hand, the duodenum, which major source serotonin 
contains significant amounts glucagon-like materials (12, 13). Serotonin 
and the can measured chemically, but glucagon can 
assayed only means its effects phosphorylase activity. Therefore, 
the determination biological materials, such the blood 
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the pancreato-duodenal vein, requires that other 
activating substance present. Among these substances, addition 
glucagon and epinephrine serotonin which has been shown 
stimulate phosphorylase activity, even only the liver fluke 
hepatica (18, 19). The only indication that serotonin may act 
tissues increase uptake rat liver (20). This paper report 
some observations the action serotonin liver phosphorylase ac- 
tivity normal and adrenalectomized dogs. 


MATERIALS AND METHODS 


Sixteen mongrel dogs both sexes fasted for about hours, were anesthetized 
means intravenous injections pentobarbital sodium (35 mg./Kg.) 
sodium (100 mg./Kg). This mixture provides the rapid induction and the lasting, uni- 
formly deep anesthesia necesssary prevent fluctuations blood glucose unrelated 
the experiment (21). Barbiturate anesthesia was selected also because lowers the 
adrenal output cathecholamines (22), and preserves liver glycogen (23). 
vein was exposed for injections and removal blood samples, the trachea was cannu- 
lated for artificial respiration, the liver exposed through midline incision and, through 
the same incision, the animals were adrenalectomized. Immediately after 
surgery, blood samples and V-shaped liver biopsies, weighing about 200 mg. 
were obtained, the liver wound was packed with fibrin foam, its margins were approxi- 
mated with hemostats and the animal allowed rest for hours. This time 
was believed adequate for the abatement any effects epinephrine serotonin 
released the unavoidable, even minimal, surgical trauma (22, 24, 25). Serotonin 
creatine was injected slowly minutes) into the 
femoral vein. Artificial respiration, the rate about 15/min., was started with 
the injection and continued for the remainder the experiment, 
tonin apnea (26), bronchial constriction (10), constriction the pulmonary 
(27, 28) and consequent anoxia, and epinephrine hypersecretion (29). Blood 
samples and liver biopsies were taken various intervals time after injection, 
mediately blotted gauze and processed with maximum speed: one piece tissue 
dropped measured amount per cent KOH for total glycogen determination, 
according the method Good al. (30), and second piece was immediately frozen 
between blocks dry ice, dropped into ml. 0.154 NaF, and homogenized 
Potter-Elvehjem homogenizer. 0.1 ml. homogenate was used for measurements 
phosphorylase activity, according the method Cahill al. (17), with the addition 
0.05 ml. per cent glycogen solution the incubation medium primer. The in- 
phosphorus, liberated during the synthesis glycogen from 
was measured after minutes incubation, according the method Berenblum and 
Chain (31). The liberation appreciable amounts phosphate non- 
specifie phosphatases, was ruled out according the method Wosilait and 
(32). avoid errors due changes liver water content (17), the 
activity was expressed terms tissue nitrogen rather than tissue weight. 
was determined according the method Johnson (33), was determined 
duplicate blood samples according Nelson (34), and the statistical significance ‘he 
result was according Fisher (35). 
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RESULTS 

Figure shows that the injection serotonin into normal dogs, after 
period which the blood sugar had remained relatively constant, caused 
prompt and significant (0.05 rise blood glucose from 
86) 95-195 (ave. 126) mg. This hyperglycemia reached maxi- 
minutes, continued for least hour, and was accompanied 
marked and significant decrease (0.02 liver glycogen from 
(ave. 36) (ave. 15) mg. per gram wet tissue, and sig- 
(0.05 increase phosphorylase activity from 
7.2) (ave. 12.5) microatoms per mg. This in- 
crease minutes after serotonin injection, subsided min- 
and after another half-hour, decreased below the initial values. 
adrenalectomized dogs, the blood glucose concentration decreased rapidly 
first, then more from (ave. 144) (ave. 57) mg. 
one group and from (ave. 105) 49-78 (ave. 66) mg. the 
other group <0.01). This decline was not altered significantly injec- 
tions saline serotonin. The liver glycogen ani- 
mals decreased significantly from (ave. 59) (ave. 24) mg. 
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per gram wet tissue after serotonin and from (ave. 39) 
(ave. 28) mg. per gram wet tissue after saline injections. Although 
decline observed after serotonin was statistically significant <0.01) and 
that observed after saline was not there was statistical 
ence between the values reached the groups the end the 
tion period. Liver phosphorylase activity serotonin treated 
mized dogs decreased constant rate from 6.1—20.9 (ave. 14.7) 
11.0 (ave. 9.1) microatoms per mg. (0.05 >0.02), while that 
adrenalectomized dogs receiving saline remained approximately unchanged 
for minutes, showing only moderate and not significant rise 
from (ave. 9.5) 4.0-16.6 (ave. 12.4) microatoms per mg. 
one hour after the injection. 


DISCUSSION 


The marked hyperglycemia observed normal dogs following injections 
serotonin confirmed previous observations (2), and was probably the 
result glycogenolysis; this suggested the simultaneous decrease 
liver glycogen, well observations others, normal and par- 
tially hepatectomized rats (36). turn, this breakdown liver glycogen 
was probably due the observed increase phosphorylase activity and, 
noticed with glucagon others (17), continued even after the phos- 
phorylase activity had returned to, decreased below, control values. 
the other hand, adrenalectomized animals, serotonin did not influ- 
ence significantly phosphorylase activity, blood glucose, and liver glycogen, 
which had already started decline injection. This decline may 
have been the result adrenalectomy, which lowers liver phosphorylase 
activity (37), may have represented gradual return normal after 
stimulation epinephrine released during handling the adrenals. The 
failure serotonin cause immediate stimulation liver phosphory- 
lase the adrenalectomized animal suggests that the stimulation observed 
the normal animal secondary the release epinephrine from ihe 
adrenal medulia, which serotonin believed cause (38, 39). Similarly, 
the delayed rise phosphorylase activity observed the adrenalectomized 
dogs may due the release catecholamines from sympathetic nerve 
fibers (39). These results suggest also that the phosphorylase activating 
hyperglycemic-glycogenolytic material extracted from the duodenum 
13) not serotonin. 
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THE OVARIAN FLUIDS 
NORMALLY MENSTRUATING 


OLIVE SMITH 


Fearing Research Laboratory, Free Hospital for Women, Brookline, Mass 
Department Obstetrics and Gynecology, Harvard Medical School, 
Boston, Massachusetts 


ABSTRACT 


Fluid from the ovaries normally menstruating women was collected and 
pooled lots, the basis menstrual dates and endometrial biopsies: one 
representing the proliferative phase the cycle and the other the secretory 
phase. steroid extract each lot, which trace amounts radioactive 
estradiol, estrone and estriol had been added internal standards, was 
purified column chromatography, paper chromatography, methylation, and 
column and paper chromatography the methyl ethers. Fluorescence and 
radioactivity were measured each step. Estriadiol 176 and estrone were iden- 
tified both extracts. Estriol was identified the extract fluid collected 
during the luteal phase, but was not found that the proliferative phase. 

The biological activity the luteal phase pool was entirely accounted for 
its estimated content estradiol, estrone and estriol, while only 40% 
the biological activity the proliferative phase pool was thus accounted for. 
Both contained many unidentified phenolic steroids. 


THE basis substantial evidence, accepted that estrogens 
are secreted the normal human ovary. has been generally as- 
sumed that the type and amount estrogen secretion varies with the 
stage ovarian activity. Histochemical studies have related cellular 
changes the ovary cyclic endometrial findings (1), and biological assay 
human ovaries and follicle fluid, both this laboratory and other 
investigators, has revealed quantitative differences their concentration 
estrogenic substance. normal ovaries these differences are related 
the phase the cycle, with the highest titres the 
ovulatory period (2). Important contributions have been made 
years our knowledge estrogen biosynthesis human ovaries, both 
the enzyme systems involved (3, and the precursors found 
ent (5). Surprisingly enough, however, chemical identification 
nous estrogens has not been reported, although the identification est: 
diol and estrone the ovaries the sow dates back 1936 and 1938 
7). steroidal extracts fluid and tissue human ovaries 
been under investigation for some years this laboratory (2, 9), 
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and paper chromatography having been the methods employed. 
ihe present investigation, means more rigorous criteria, estradiol, 
and estriol have been identified. 


MATERIAL AND METHODS 


Each specimen fluid was aspirated means needle and syringe directly from 
ovary into test tube and mixed with volumes 95% The 
were stored thus until ready for further processing. After months, 
fluid had been from patients who were having regular cycles 
time operation and whose endometria revealed normal proliferative secretory 
netion. The aleohol and precipitated proteins were then pooled lots: 171 ml. from 
proliferative phase and ml. from the phase the eyele. The pools were 

PREPARATION AND BIO-ASSAY EXTRACTS FOR CHROMATOGRAPHY (FROM 
AN ACIDIFIED SALT SOLUTION OF EVAPORATED HOT EtOH EXTRACTS) 


hour benzene extraction 


Benzene Aqueous residual 

Evaporated (<50° C); ml. 90% MeOH; Refluxed 10’ with 15% (v+v) 

extracted with ml. pentane and extracted with ether 
90% MeOH: chilled Pentane 
and filtered cold: 
Aliquot for bio-assay bio-assay 
R.U./100 ml. R.U./100 ml. (3%) R.U./100 ml. (5%) 
S*= 300 R.U./100 ml. (89-92%) R.U./100 ml. (<2%) ml. (9%) 


Rest for Hyflo Super-cel column chromatography. 


* 


phase pool. phase pool. 


the basis menstrual dates and endometrial biopsies, with regard for 


the type from which the fluid was aspirated. these normally ovaries 
0.5 3.0 ml. was obtained from each ovary. 

The precipitated proteins were packed centrifugation, resuspended 95% 
ethanol, which they were heated overnight the steam bath, centrifuged, washed 
twice with 95% ethanol and twice with ether and then The combined fluid 
plus ethanol and ether was evaporated nearly dryness (in vacuo and under 50° C), 
taken ml. 0.5 phosphate buffer, made 2.5 3.0 with hydrochloric 
acid and extracted for hours continuous benzene extraction apparatus. Further 
steps the preparation the steroidal for are shown Table 
together with bio-assay findings. The bio-assay procedure used this laboratory has 
heen previously (10). Since 90% the estrogenic activity was this 
fraction only was worked up. 

Gradient elution Aitken and Preddy Hyflo Super-cel column (11), 
solvent system devised the laboratory Dr. Lewis Engel (to published), 
the first step and identification. Trace amounts (less than micro- 
Radioactivity was counted with Nuclear Sealer (Model 162) Robinson 


The author indebted Dr. William Pearlman for sample tritiated estriol 
had been prepared his laboratory and purified Hyflo Super-cell column 
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gas flow counter disposable aluminum planchets plated infinite thinness, following 
the standard counting procedure the Biophysics Department the Harvard Medica 
School (12). the basis comparison with standards, our counter registers 

paper chromatography the Bush method (13) was followed with modified solven: 
systems described the text. When papers were being run for elution, they were 
em. strips with strip each end which estrone, estradiol 178 and estriol 
applied, for development and localization the sections cut for elution. 
center strip methanol only was applied order provide ‘‘paper for fluor- 
escence assays. Fluorescence was measured duplicate Farrand fluorometer fol- 
lowing the method Slaunwhite al. (14). The procedure followed for elution paper 
was tested out recovery experiments with standard solutions and found 
98% efficient for both and fluorescence when the free compounds were 
applied. With ether standards the recovery was lower, only 77%. 

The free estrogens were developed paper with Turnbull’s Blue (15). ethers 
were developed either with acid the more Bachman reagent 
acid) applied paper Axelrod (16). Methylation, 
column chromatography methyl ethers, and Kober assays were carried out according 
the Brown procedure for urinary estrogens (17). 


RESULTS 


The first purification and fractionation the two complete steroid ex- 
tracts was accomplished gradient elution from Hyflo Super-cel column 
(Fig. 1). one column was applied the extract 150 ml. proliferative 
phase fluid, and the other the extract ml. secretory phase fluid, 
each with added trace amounts radioactive estrone, estradiol 178 and 
estriol. The results shown Figure for counts radioactivity each 
tube, determined the pooling tubes for further study: Pool represent- 
ing the estrone section, Pool the estradiol section, and Pool the 
estriol section from each column. The elutes from this first purification 
step were not sufficiently clean make feasible fluorescence assays for 
endogenous estrogens. 

preliminary screening process for endogenous phenolic steroids, 
aliquot each pool equivalent ml. fluid was chromatographed 
paper for Turnbull Blue development. The solvent systems used and 
spots observed are shown the tracings these papers Figures and 
Spots that corresponded the standards are shaded: the others are 
lined dotted lines. The size each spot indication its 
The estradiol pool the proliferative phase fluid gave very strong spot 
corresponding the estradiol standard its rate flow, whereas 
same pool from the secretory phase gave weaker estradiol spot. 
estrone spot was observed the estrone pool from the secretory 
none from the proliferative. The most striking difference between the 
was the strong estriol spot the estriol pool the secretory phase 
and its complete absence that the proliferative phase. 

spots for steroids that did not correspond the 
ards are apparent both experiments. small aliquot the estrone 
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cpm/tube 

5000 


Hyflo Super-Cel Columns Ovarian Fluid Extracts 
Columns tagged with trace amounts radioactive Estrone, Estradiol, and Estriol 


First separation and purification steroid extracts which trace amounts 
radioactive estrone, estradiol 178 and estriol had been added. Column prepared tri- 
methylpentane saturated with 90% methanol, with which first tubes were eluted. 
Each column volume. Gradient dichloride (1:1). 


(Pool #2, Figs. and from each column was bio-assayed order 
certain that the estradiol-like spot observed was not estradiol 178. The 
bio-assay results, together with the disappearance this compound the 
tubes eluted off the column just before the elution estradiol, estab- 
lished its non-identity with estradiol 178. small aliquot each estradiol 
pool was also bio-assayed, giving results that checked very closely with its 
chemically estimated content estradiol after the purification steps 
reported below. seems unlikely, therefore, that the spots, besides the 
one that corresponded estradiol, that appeared the chromatograph 
the estradiol pool the proliferative phase fluid (Pool #5, Fig. represent 
components with any appreciable amount estrogenic activity. fur- 
ther work has yet been done the identification these spots that 
correspond the standards. The rest the present investigation was 
confined Pools and the estrone, estradiol and estriol pools respec- 
tively. 

“he rest these pools from each column were next chromatographed 
paper em. strips that were cut sections, for elution and assays for 
fluorescence and radioactivity. The same solvent systems those shown 
and were used, with standard strip for Turnbull Blue de- 
each side each paper, order determine the sections 
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Origin 


Origin 4 


Tracer ° Trocer O Trocer O fe) 1°) 


Poper A (Lig Tol (2:1)/70% MeOH) Paper 8 ( Toluene/75% MeOH) Poper C (To! EtOAc (9 1)/60% MeOH) 
(*15 mi fluid applied) 15 mi fluid applied) (> 1S ml fluid applied) 
Hyflo Column @ Hyflo Column Hyfio Column I7 
Ovarian Fluid - Proliferative Phase of Cycle Ovarian Fluid - Proliferative Phase of Cycle Ovarian Fluid - Proliferative Phase of Cycle 


Paper chromatography aliquots pools from Hyflo Super-cel column 
chromatography extract fluid from proliferative phase. Development 
Blue. Standards each estriol, estradiol 178 and estrone. Solvent systems: 
Paper A=Ligroin:Toluene (2:1)/70% methanol:water; Paper 


ent for elution. each case “standard” section and equidistant sec- 
tions above and below were eluted and assayed. Seventy-five 95% 
the radioactivity each standard was recovered its corre- 
sponding ‘‘standard”’ section. the proliferative phase experiments fluo- 
rescence ran with the radioactivity the estrone and estradiol 
indicating the presence endogenous estrone and estradiol the pro- 
liferative phase fluid. fluorescence, however, accompanied the 
active estriol the proliferative phase fluid, indicating the absence 
measurable amount endogenous estriol. the secretory phase 
ments fluorescence, each pool, ran with the radioactivity its 
sponding indicating the presence all the classical 
the secretory phase fluid. 

Using the eluted sections from the above paper 


Since the material used for counts was recovered from the planchets, there wa: 
loss material except for the small amount required for fluorescence assays. 
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was run different solvent system from that the first paper. The 
were the same those described the preceding paragraph. There 
however, some changes the quantitative values for fluorescence, 
further purification with consequent elimination overestimates 
quenching phenomena. The quantitative estimates given Table are 
from this second series paper chromatographs. 

The estrone the proliferative and secretory phase fluids was com- 
ned, after the second paper purification, and methylated. also was the 
e-tradiol. The estriol from the lots fluid, however, were methylated 
since there was demonstrable endogenous estriol the pro- 
phase, thereby providing fluid “blank” which radioactive 
alone was being followed. All methylated extracts were then 
submitted Brown’s purification step for ethers, i.e., treatment 
with hydrogen peroxide followed extraction into organic solvents out 
strongly alkaline solution. Further purification was effected apply- 
ing the extracts methylated estrone, estradiol and estriol Brown’s 
alumina columns for the separation the estrogen ethers. Finally 


Origin 
Paper A (Lig Tol (2 1)/70% MeOH) Poper B ( Toluene/ 75% MeOH) Poper C ( Tol EtOAc (9 1)/60% MeOH) 
(<15 mi fluid applied) (= 15 ml fluid applied) (= 1S mi fluid applied) 
Hyfio Column 21 Hyfio Column 21 Hyfio Column 
O.arian Fluid -Secretory Phase of Cycle Ovarian Fluid - Secretory Phase of Cycle Ovarian Fluid - Secretory Phase of Cycle 


Same Figure except aliquots pools from Hyflo Super-cel column 
chromatography extract fluid from secretory phase. 
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the estrone, estradiol and estriol fractions from the alumina columns 
were applied paper for elution. The solvent system used for all 
methyl ethers was methanol, and the standard strips 
developed with acid. After each these purification 
steps, fluorescence and radioactivity were measured. shown Table 
there was significant change the specific activity 
estrone, estradiol and estriol. 

this stage the investigation, the presence endogenous estrone, 
estradiol and estriol had been indicated the association fluorescence 
with the radioactivity the corresponding standards the 
following procedures: 

Gradient elution from Hyflo Super-cel column. 

Paper chromatography the free compounds solvent systems. 

Methylation. 

Column chromatography the ethers. 

Paper chromatography the ethers. 

addition, constant specific activity had been demonstrated for each 
them throughout purifications. 

final identification, the rest the estrone ether was 
shown exhibit the same absorption maximum the Kober reaction 
that simultaneously assayed sample methylated crystalline estrone. 
The rest the estradiol ether (38 was made into KBr pellet 
cord” spectrophotometer, exhibit infrared spectrum with the same 
major peaks those from sample methylated crystalline estra- 
diol The rest the estriol ether (7.5 was run paper 
chromatograph and developed with Bachman’s estriol color reagent. 
pronounced pink spot the same that from 7.5 methylated 
estriol run the same paper was observed. 

some interest compare the total biological activity the two 
lots fluid, prior separation the Hyflo Super-cel columns (Table 
with their chemically estimated content the classical estrogens 
purified estrone, estradiol and estriol pools (Table 2). the case 
TABLE FLUORESCENCE ASSAYS ESTRONE, ESTRADIOL AND ESTRIOL SECTIONS 


FROM PAPER CHROMATOGRAPHS 


Micrograms per 100 ml. fluid 
Phase cycle 


| é 
Secretory 14.6 10.4 24.0 


this concentration the estrogen methyl ethers the spectra KBr pellets 
not detailed the finger print region one would like for identification 
basis alone. 


‘ 
7 
7 
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TABLE 3. SPECIFIC ACTIVITY AFTER THREE PURIFICATIONS OF THE METHYL ETHERS 


Methylated sections from elution paper chromatographs 


Process 


| | = | 


Paper chromat. 4.6 330 


366 
phase fluid, all the activity the crude extract (300 R.U. per 
ml.) for when the micrograms estrone, estradiol 178 
estriol, shown Table are converted R.U. the basis stand- 
ardization bio-assay curves; the sum these values being 265 R.U. per 100 
the case the proliferative phase fluid, the other hand, only 610 
the 1500 R.U. per ml. the crude extract are thus accounted for. This 
highly significant the basis the degree confidence 
the bio-assay procedure, and could not accounted for any influence 
the combination estradiol and estrone being assayed upon total ac- 
tivity (9, 10). Localization this unaccounted for biological activity the 
other pools off the Hyflo column the proliferative phase fluid 
presently being mvestigated. 


DISCUSSION 

Aside from identification the classical estrogens human ovaries, 
the finding estriol the secretory phase fluid, with none the prolifera- 
tive phase, interest. This line with previous urinary evidence for 
influence progesterone the conversion estrone and estradiol 
estriol (2, 18). vivo experiments have indicated that approximately half 
the increase urinary estrogens that follows administration estrone 
estradiol due increased output estriol, regardless the sex 
condition the experimental subject. This was indicated some years ago 
bio-assay findings this laboratory, and has been chemically 
demonstrated number investigators. Progesterone, therefore, 
certainly not necessary for this pathway, and the fact that 
exerts enhancing influence upon has yet incontrovertibly estab- 
lished. worthy note, however, that previous studies fluid and 
tissues from human ovaries (2, 9), which bio-assay and paper chro- 
the separated phenolic fractions were employed, spot 
corresponding estradiol was practically always found paper chro- 
the estradiol fractions specimens that exhibited high 
potency, whereas spot corresponding estriol the 
fractions was observed instances only (9). One these was 
extract the corpus luteum 11-week pregnancy, one extract 
fluid from patient with hydatidiform mole, and the third 


+ 
» 
> 
> 
7 
7 


706 SMITH Volume 


extract fluid from the enormously cystic ovaries 
woman given sheep pituitary gonadotropin. all cases, the ovaries wer« 
luteinized and the endometria secretory. 

particular interest the indication from the findings herein reportec 
that estriol formed within the ovary itself. vitro experiments the 
tissue enzyme systems involved the biosynthesis and metabolism the 
estrogens have, for the most part, failed demonstrate the formation 
estriol. There are, however, few exceptions. Slight conversion estradio! 
estriol, demonstrable only isotopic dilution, has been shown using 
human fetal liver (19) and rat liver (20) the enzyme sources. The human 
placenta, liver and ovaries have been shown, vitro, convert both 
neutral and phenolic compounds that were already C-16 oxygenated 
estriol (21, 22). Wotiz al. (4) who incubated testosterone-4-C™ with 
slices human ovary, reported the recovery radioactive estriol well 
estrone and estradiol; whereas Baggett al. (5), the same type experi- 
ment, had recovered radioactive estradiol only. The former investigators 
used ovary which cortical stromal hyperplasia was marked, and 
added 10,000 chorionic gonadotropin the incubation mixture. The 
latter, the other hand, used normal ovary the preovulatory phase, 
and added only 1000 gonadotropin, half chorionic and the other 
half equine. seems quite possible that the difference results might 
explained the basis change cellular and hence 
enzymatic activity the experiment which estriol appears have 
been produced. 

Preliminary evidence from the present investigation, for 
estrogens other than estradiol, estrone and estriol 
fluid, with unaccounted for potency the secretory phase, interest 
connection with studies urinary estrogens during normal menstrual 
since very high titres for urinary estrogens other than estradiol, 
estrone and estriol were found characterize the pre-ovulatory period (15). 
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VITRO EFFECTS GROWTH HORMONE AND CORTI- 
COTROPIN PREPARATIONS AMINO ACID TRANS- 
PORT ISOLATED RAT 


Departments Physiology and Medicine and Division Endocrinology, 
Duke University, Durham, North Carolina 


ABSTRACT 


Corticotropin, like growth hormone, decreases urea formation 
adrenalectomized-nephrectomized rat, indicating that has extra-adrenal 
action some phase nitrogen metabolism. Since was possible that this 
effect corticotropin was due initial stimulation amino acid transport, 
study was made the vitro effects various corticotropin preparations 
the transport into diaphragms hypophysectomized rats. Purified 
growth hormone preparations are very active this system. vitro 
concentration medium, growth hormone produced two-fold 
increase transport, while concentration 100 ug/ml. oxycel 
ACTH was necessary evoke comparable response. Purified corticotropins 
had effect amino acid transport. Specifie chemical and immunochemical 
inactivation studies indicated that the ability ACTH stimulate 
amino acid transport was due growth hormone contamination. The relation- 
ship these findings the effect urea formation discussed. 


ORTICOTROPIN preparations when ‘administered large doses, 
reduced the accumulation blood urea nitrogen which followed the 
intravenous infusion protein hydrolysates into adrenalectomized- 
nephrectomized rats (1). Since growth hormone was previously shown 
possess similar activity (2), selective chemical inactivation studies were 
performed determine the activity observed with corticotropin was due 
growth hormone contamination. These studies established with reason- 
able certainty that corticotropin, itself, can reduce urea formation 
indicated that corticotropin may possess extra-adrenal action some 
phase nitrogen metabolism. has been proposed (2) that the decrease 
urea formation which occurs following growth hormone administration 
the result the stimulation pathways leading the 
tion amino acids. That the effect corticotropin urea 
seemed feasible. 


The initial step the anabolic utilization amino acids may 
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transport these substances into the cell. has been suggested repeatedly 
that hormones may regulate anabolic processes acting this step. 
1957, Noall al. (3) presented evidence that growth hormone might influ- 
ence the rate amino acid transport into various tissues. Recently, Kostyo 
al. (4) reported that bovine and simian growth hormones, when added 
vitro low concentrations, stimulated the rate a-aminoisobutyric 
transport into the cells the hypophysectomized 
rat diaphragm. The present study was undertaken determine cortico- 
tropin preparations could similarly influence the rate transport 
into diaphragms hypophysectomized rats when added vitro. 


METHODS 


Female rats the Charles River strain, hypophysectomized 24-25 days age, 
were used weeks following the operation. Prior sacrifice they were fed Purina 
dog chow diet libitum. The rats were killed cervical fracture and rib cage prepara- 
tions the diaphragm made according the procedure Kipnis and Cori (5). Trim- 
ming was kept minimum avoid damage the fibers the diaphragm muscle. 
The diaphragm preparation was then placed 125 ml. Erlenmeyer flask containing 
ml. Krebs bicarbonate buffer, 7.4, and 0.01 glucose which had been preheated 
37° The tissue was preincubated this solution with shaking for minutes. Since 
substantial amount amino acid nitrogen leaks from the preparation during the first 
few minutes vitro (6, 7), the preincubation step minimized the accumulation amino 
acids the incubation medium which might interfere with the uptake 

Following preincubation the diaphragm preparation was lightly blotted filter 
paper and transferred second 125 ml. Erlenmeyer flask containing ml. Krebs 
buffer, 7.4, 0.01 glucose and 0.05 (S.A.=1 me./mM; 
lsotope Specialties Co.) which had been preheated 37° The flasks were gassed witn 
95% for two minutes, sealed, and incubation carried out for hour 37° 
with gentle shaking. the end the period, the diaphragm muscle was 
dissected away from the rib cage and trimmed extraneous tissue. Adhering incubation 
medium was rinsed off passing the muscle through two 5-second washes Krebs bi- 
carbonate buffer. The tissue was then blotted, weighed and homogenized 2.0 ml. 
acetic acid precipitate the proteins. One ml. supernatant fluid was diluted 
with and aliquots were plated infinite thinness. All samples were 
counted with gas flow thin end-window counter. 

Growth hormone and corticotropin were dissolved 0.9% NaCl which sufficient 
was added bring the The hormones contained small volume 
were then added the incubation medium. Similar volumes 0.9% NaCl were 
udded the medium used for controls. Two preparations pituitary growth hormone 
were used; bovine growth hormone (NIH-BGH-1) and porcine growth hormone. The 
was made from Wilson Oxycel Filtrate Porcine Growth Hormone purification 
outlined Wilhelmi (8). The growth hormone was found have 
promoting potency when tested young hypophysectomized rats and have 
corticotropin activity when assayed the adrenal vein ascorbic acid method 
Munson and Toepel (9). Several porcine corticotropin preparations were used; Wilson 
ACTH (lots: 104529 and 105385, Corticotropin Pool (lot: S-1079-31) pre- 
Dr. Paul Bell American Cyanamide Corp., Corticotropin (lot: 907-113-4) 
Dr. White Armour Laboratories and Corticotropin (lot:542-4) 
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procedures utilized, NaOH treatment 25° for hours and treatment 
were essentially those outlined previously (10). 

Immunochemical inactivation procedures were also utilized some experiments. 
Antiserum against the porcine growth hormone used these studies was prepared 
injecting female rabbits kg. body weight) subcutaneously with total mg. 
the hormone mg. doses over period four weeks. The hormone was finely pul- 
verized and suspended 1.0 ml. Freund’s complete adjuvant immediately 
before injection. The antiserum was obtained heart puncture and stored frozen. The 
hormone inactivated was dissolved ml. 0.9% NaCl and added 3.0 ml. 
growth hormone antiserum and incubated 37° with shaking for hour. Following 
this initial incubation, the mixture was diluted with 3.0 ml. Krebs 
bicarbonate buffer containing 0.01 glucose. was then added final con- 
centration 0.1 and the mixture placed ml. Erlenmeyer flask. Rib cage 
preparations which had been preincubated Krebs bicarbonate buffer were added 
the ml. antiserum-hormone-buffer mixture and incubated with shaking 37° 
for hour. 

The data are expressed the ratio counts per minute per ml. intracellular water 
counts per minute per ml. incubation medium. Since AIB not metabolized in- 
corporated into protein any appreciable extent the system used (11), this ratio 
serves measure the degree which the cells have concentrated the amino acid. 
The radioactivity the intracellular water was determined subtracting the radio- 
activity the extracellular water from that the total tissue water. Total tissue water 
and extracellular volume were determined under preincubation and incubation con- 
ditions identical those used when uptake was measured. Total tissue water 
was measured drying diaphragms constant weight 105° and was found 
79.2% the total wet weight the muscle. Extracellular volume was obtained iso- 
tope dilution using uniformly labelled distribution reached 
equilibrium after minutes incubation and remained relatively constant for hours. 
The extracellular volume for the preparation hour incubation time was 17.8% the 
wet weight the tissue, measured the above method. The space nor- 
mal rat diaphragm preparations measured under similar conditions*is somewhat greater 
(21.9%). 

The values obtained for the intracellular distribution after hour incu- 
bation not represent the final equilibrium which could attained this 
system. Uptake this preparation can proceed linear fashion for 
hours incubation (4) and perhaps even longer. The values obtained for 
uptake control muscles would indicate that hour the cells had 
AIB-1-C™ approximately 0.025 mM, half the concentration the incubation 
medium. However, incubation continued for longer period time, the concentr: 
tion inside the cells can become higher than that the medium, indicating concentration 
AIB against gradient. 

has been observed repeatedly that the degree uptake the 
phragm inversely related the length time following hypophysectomy. Thus 
each experiment which the effect hormones was studied, adequate controls 
run simultaneously. examination the data will indicate that there 
variation control values. most cases these could correlated with the 
time elapsing after hypophysectomy. 


' 


REULTS 


Bovine growth hormone added the incubation medium concent! 
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take hypophysectomized rat diaphragms (Fig. 1). initial trial with 
poreine oxycel ACTH (lot #104529), vitro concentration 
medium produced significant stimulation uptake (Fig. 1). 
However, subsequent attempts several months later obtain stimulation 
lot oxycel ACTH were unsuccessful. Significant increases 
\IB-1-C™ uptake were obtained with ACTH (lots: 104529 and 
when the concentration hormone the medium was increased 
100 

When purified corticotropins were tested for their ability stimulate 
uptake hypophysectomized rat diaphragms, they were found 
inactive. Figure shows that Corticotropin Pool and Cortico- 
iropin had effect concentration 100 and that Cortico- 

Since purified corticotropins failed stimulate uptake even 
when tested fairly high vitro concentrations, became importance 
determine the nature the stimulatory factor present oxycel ACTH. 
this purpose, advantage was taken various chemical and immuno- 
chemical methods known inactivate corticotropin and growth hormone. 
Previous studies have shown that corticotropin inactivated with respect 
its adrenal stimulating properties and certain extra-adrenal properties 
when oxidized with hydrogen peroxide. Growth hormone resists this treat- 
ment. Figure shows that both ACTH and growth hormone retained 
their ability stimulate AIB-1-C™ uptake when treated with hydrogen 
peroxide. 

Incubation growth hormone 0.1N 25° for hours re- 
sults substantial loss activity (growth promotion, epiphyseal chon- 
drogenesis). the other hand, corticotropin resists this treatment. Initial 
attempts inactivate bovine growth hormone with respect 
uptake stimulation mild alkali treatment were not successful (Fig. 4). 
However, the concentration alkali-treated growth hormone used was 
When the concentration alkali-treated hormone was reduced 
stimulation uptake was observed. This con- 
centration untreated growth hormone has already been shown 
highly Alkali-treated oxycel ACTH also completely lost its ability 
stimulate uptake when tested concentration 100 
(Fig. 4). The results the chemical inactivation studies strongly sug- 
gested that the effect oxycel ACTH uptake was due 
hormone contamination, from which the purified corticotropin 
preparations were presumably free. 

Further confirmation this interpretation was derived from the im- 
studies. antiserum was prepared rabbits against 
growth hormone preparation with the intention using this anti- 
inactivate any growth hormone present the oxycel ACTH 
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VITRO EFFECTS PURIFIED 
CORTICOTROPINS 


IN VITRO EFFECTS OF GROWTH HORMONE AND OXYCEL ACTH UPTAKE BY HYPOX RAT DIAPHRAGMS 


-AIB-I-C'* UPTAKE BY HYPOX. RAT DIAPHRAGMS 


| HOUR INCUBATION | HOUR INCUBATION 
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Oo 5 25 100 0 100 


Oo 


BOVINE GH OXYCEL ACTH OXYCEL ACTH OXYCEL ACTH CORT CORT A CORT. A, 
(LOT 104529) (LOT 105385) 


(BELL) (ARMOUR) (DIXON) 


IN VITRO EFFECTS OF O.1N NAOH TREATED 
GROWTH HORMONE AND OXYCEL ACTH ON THE 
UPTAKE OF *-AIB-I-C'* BY HYPOX. RAT DIAPHRAGMS 


| HOUR INCUBATION 


VITRO EFFECTS PEROXIDE TREATED 1.6 
OXYCEL ACTH AND BOVINE GROWTH HORMONE THE 
UPTAKE HYPOX. RAT DIAPHRAGMS. 
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H202 TREATED H202 TREATED O.1N NAOH O.1N NAOH (LOT 105385) 
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Each column represents the mean value standard error. The number 
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lium, this growth hormone preparation produced substantial 
-0.16; P<0.01), although failed produce significant stimulation 
-0.08; PGH =0.62 +0.05). For the antihormone study, porcine growth 
ormone and porcine oxycel ACTH were mixed with normal rabbit serum 
growth hormone antiserum and with shaking for hour 
Then these hormone-containing sera were diluted 1:1 with Krebs 
buffer, added, and the mixtures were employed 


TABLE Errect GROWTH HORMONE ANTISERUM THE ABILITY GROWTH 
HORMONE AND OXYCEL ACTH ISOLATED 
RAT DIAPHRAGM 


medium 
medium) 


Incubation medium 


Normal Serum* 0.36 +0.03** 
Normal Serum+Growth 

Hormone 0.97 +0.10 <0.01 
Normal Serum 0.63 


Normal Serum+ Growth 


Normal Serum 0.36 +0.03 
Normal Serum ACTH 100 


All sera were diluted 1:1 with Krebs bicarbonate buffer. 


incubation media. order obtain high antiserum hormone ratio 
without having employ unusually large volumes antiserum, only 
ml. incubation medium was used. Since the total amount hormone 
present the incubation flask was now decreased factor was 
necessary determine the same concentrations both growth hormone 
and ACTH, which were used the ml. system, were still effec- 
tive. The question whether the total amount hormone present 
the system the concentration hormone which produces the effect has 
not been settled. However, reducing the system factor did not 
the hormonal effects. 

The results the immunochemical experiments are given Table 
incubated diluted normal rabbit serum concentrated 
rate which was within the range observed when Krebs 
buffer was used the incubation medium. two instances, 
were also incubated growth hormone antiserum and found 
take the same degree those incubated normal rab- 
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bit serum. Porcine growth hormone which was preincubated with normal 
rabbit serum stimulated uptake concentrations and 
ug/ml. medium. However, growth hormone preincubated with growth 
hormone antiserum had slightly diminished activity when tested con- 
treated growth hormone was completely inactive. ACTH which was 
preincubated with growth hormone antiserum was also completely inactive 
concentration 100 medium. Growth hormone antiserum 
thus abolished the activity oxycel ACTH, supporting the interpretation 
the chemical inactivation studies. 


DISCUSSION 


When added vitro high concentration oxycel ACTH preparations 
stimulate the transport non-utilizable amino acid, a-aminoisobutyric 
acid, into muscle cells rats. Growth hormone the 
only other pituitary hormone far demonstrated possess similar ac- 
medium are highly effective stimulating amino acid transport, while 
comparable response. The results the present study would indicate that 
the low level amino acid transport stimulating activity present 
ACTH fact due contamination oxycel ACTH with minute 
amounts growth hormone. 

This conclusion based upon the following evidence. While two prepa- 
rations oxycel ACTH were effective stimulating amino acid transport, 
three purified corticotropins had activity whatsoever when tested 
similar concentrations. Moreover hydrogen peroxide treatment, which 
abolishes the adrenal and extra-adrenal activities corticotropin, did not 
alter the ability oxycel ACTH stimulate amino acid transport. Nor 
did this treatment inactivate growth hormone with respect amino 
transport. the other hand, mild alkali treatment, which does not de- 
stroy the adrenal and extra-adrenal activities corticotropin but does 
diminish the potency growth hormone preparations, completely abo'- 
ished the transport activity both ACTH and 
hormone. Further evidence was obtained the growth hormone 
experiments. antiserum prepared against porcine growth hormone 
activated porcine oxycel ACTH with respect its ability 
amino acid transport. Studies the immunochemical and antihormon 
properties antisera prepared against preparations pituitary 
hormone indicate that the antibodies these sera are reasonably speci 
for growth hormone (12, 13). The degree specificity would depend, 
course, upon the purity the hormone preparation used the antigen. 
quite possible that the antiserum used the present experiments 
entirely specific, since the purity the growth hormone used the 
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has not been determined, although the method used its preparation was 
reported yield hormone high purity (8). Thus the antihormone study 
taken alone not definitive but when considered with the remainder the 
evidence presented, supports the view that the active factor for amino 
acid transport oxycel ACTH growth hormone. 

The results these experiments differ from the previous study urea 
formation, which highly purified corticotropin was active, and the effect 
was abolished hydrogen peroxide treatment but not alkali. Growth 
hormone action urea formation was eliminated alkali but not 
nydrogen peroxide. Thus the effect corticotropin urea formation 
represents extra-adrenal response and not due contamina- 
This experience with the urea formation and AIB experiments empha- 
sizes the great importance using adequate techniques establish with 
certainty whether effects hormone are due the itself 
contaminant. Rigid criteria are required rule out contamination before 
so-called extra-adrenal actions ACTH can accepted. The present 
study concerning possible extra-adrenal action ACTH the first one 
which the immunochemical inactivation technique has been used. 
encouraging that the results with this method correlated well with the 
chemical techniques for differentiating between ACTH and growth hor- 
mone. 

Since corticotropin apparently has intrinsic ability stimulate amino 
acid transport into muscles hypophysectomized rats when added vitro, 
would not appear likely that the extra-adrenal action corticotropin 
diminishing urea formation mediated through initial effect cortico- 
tropin amino acid transport. might argued, however, that since the 
inhibitory effect corticotropin urea formation was demonstrated 
vivo preparation, the results the vitro experiments recorded here 
not preclude vivo action corticotropin amino acid transport. 
the case growth hormone, however, there good correlation between the 
observed nitrogen metabolism vivo and those observed 
vitro preparations. Repeated attempts induce positive nitrogen balance 
tube-fed adrenalectomized rats receiving corticotropin treatment have 
unsuccessful (14). Thus the extra-adrenal action corticotropin 
diminishing urea formation remains isolated observation, and ex- 
planation for its role nitrogen metabolism still obscure. 

The present study also extends preliminary observations recently re- 
ported (4) that growth hormone preparations, when added vitro low 
concentrations, stimulate amino acid transport into muscles hypophy- 
ectomized animals. Growth hormones bovine, porcine, simian and hu- 
man (15) origins have all been effective vitro approximately the same 

range. This vitro effect growth hormone amino acid 
ransport correlates well with vivo observations the role growth 
nitrogen metabolism. Whether this transport activity 
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property growth hormone exclusively shared with other pituitary 
hormones remains determined. The present study has shown that 
corticotropin inactive this system. Other pituitary hormones, i.e. 
prolactin, the gonadotropins, and thyroid stimulating hormone, have not 
yet been tested. Should they prove inactive, the ability growth 
hormone stimulate AIB-1-C™ uptake muscle might used 
assay for growth hormone pituitary hormone preparations. Its use 
assay for growth hormone blood precluded the fact that insulin can 
also stimulate uptake the diaphragm the rat (11). 
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NOTES AND COMMENTS 


INFLUENCE ADRENALECTOMY URINARY EXCRETION 
5-HYDROXYINDOLE ACETIC ACID THE RAT 
ABSTRACT 

The urinary excretion 5-hydroxyindole acid (5-HIAA), which 
major metabolite serotonin, was found increase progressively after adrenalec- 
tomy male albino rats. The average hour output was about per cent higher 
the 4th and 5th day after adrenalectomy than during days before the operation. 
control animals there was notable change excretion statis- 
tically significant differences could recorded between animals given sodium 
chloride postoperatively and those given water. 


has recently been shown that serotonin (5-hydroxytryptamine) has certain endo- 
effects. Moussatché and Pereira 1957 (1) reported that serotonin produces 
ascorbie acid-depletion rat adrenals which dependent upon intact hypohysis. 
Rosenkrantz, 1959 (2), has been able demonstrate that serotonin has direct action 
the adrenals different species vitro, promoting the production electrolyte- 
active principle from the adrenals, possibly aldosterone. 

The above mentioned findings, thus, favour the hypothesis that serotonin has 
effect the adrenals. The following experiment deals with the opposite side the 
problem. attempt study the effect the adrenals serotonin metabolism. 
the following study, the urinary excretion 5-hydroxyindole acetic acid 
(5-HIAA) was chosen means detect such influence. 5-HIAA major meta- 
bolie product serotonin (cf 3). Judging from the fate administered serotonin, may 
estimated that one fourth one third the metabolized serotonin excreted 
5-HIAA the urine the rat (4, 5). The urine levels 5-HIAA could, thus give in- 
formation about the rate metabolism serotonin. 


MATERIALS AND METHODS 


The experiment was performed male albino rats the same strain weighing 125- 
216 gm. the beginning the experiment. The rats were placed metabolism cages per- 
mitting separate collection urines and feces. The urines were collected 24-hour periods 
HCl minimize destruction 5-HIAA. 5-HIAA was spectrophotometrically 
determined 24-hour portions, using the 1-nitroso-2-naphtol reaction according the 
method Udenfriend al. (6) with minor modifications. The animals were given feed and 
water Four 24-hour urines were analysed initially each rat, and the mean 24-hour 
output 5-HIAA was calculated. Twenty-four the rats were adrenalectomized under 
ether anesthesia using the dorsal approach. 5-HIAA was then determined for another 
24-hour periods. Twelve the adrenalectomized animals were given sodium chloride 
drink and extra supply sodium chloride the food. The remaining rats were main- 
tained water. Twelve animals were not operated upon, but their 5-HIAA excretion was 
followed during the same period time the others. 


RESULTS 


The data are presented Tables and From Table may that 
adrenalectomized rats, given sodium chloride postoperatively, lost weight more slowly 
those given water, indicative retention water the former group animals. 


? 
ntreated rats gained weight rate which has been found normal for this strain 


rats. Urine volumes did not change notably the control rats, but increased the 
animals. 

Table illustrates the changes the urinary output 5-HIAA the different groups. 

initial excretion 5-HIAA was the mean the initial determinations 
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TaBLe 1. THE EFFECT OF ADRENALECTOMY ON BODY WEIGHTS AND URINE VOLUMES 


Body weights, gm. Urine volumes, hrs. 
Groups No. rats Daily After adrenalect. 
Controls 158 168 +3.5 13.2 13.8 13.9 
Adrenalectomy NaCl 170 


181 10.6 13.9 


each rat indicated the foregoing. was found that the normal excretion 
HIAA varied between 15.0 and 18.8 hours the different groups. After adrenal- 
ectomy, the urinary excretion increased progressively. The postoperative val- 
ues therefore were separated groups. The mean excretion during the first post- 
operative days and the following days was calculated separately each rat. The 
means these values are given the table, together with standard errors. The 5-HIAA 
values the control rats were treated the same manner. 

may concluded that both groups adrenalectomized rats showed increase 
their 5-HIAA excretion during the 4th and 5th postoperative days. This increase 
amounted about 70% the initial level for all the adrenalectomized animals. The 
control rats did not notably change their excretion during the observation period. The 
difference between the adrenalectomized groups and the control group statistically 
significant indicated asterisks the table. The increase urinary 5-HIAA was 
little higher the adrenalectomized animals given water than those given sodium 
substitution postoperatively, but the difference between these two groups not sta- 
tistically significant. 

far know, the urinary 5-HIAA derived exclusively from serotonin. Most 
the serotonin the body stored the gastrointestinal tract, platelets, and brain. 
Free serotonin rapidly broken down amine oxidase and excreted the urine 
5-HIAA (7). However, other routes metabolism serotonin must taken into ac- 
count (5). Increased values urinary 5-HIAA are therefore not definite proof 
increased metabolic rate serotonin. 

With this objection mind, may concluded that the result the present in- 
vestigation supports the assumption that the adrenals affect the liberation serotonin 
from the tissues. The mechanism this action still obscure. The adrenals might have 
direct depressing action the liberation serotonin. Another possibility that the 
production adrenal hormones and the liberation serotonin from the tissues 
initiated the same trigger mechanism. The problem being investigated further. 


5-HIAA hours! 


Groups No. rats After adrenalectomy 

Initial 

Day 1-3 Day 4-5 

IV. Adrenalectomy 


+Standard errors. 
*0.02>P>0.01. 


TABLE THE EFFECT ADRENALECTOMY URINARY 5-HIAA EXCRETION 
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VITRO PRODUCTION CORTICOSTEROIDS 
CHICKEN ADRENALS'! 


ABSTRACT 
Incubation White cockerel adrenals Krebs-Ringer bicarbonate led 
the identification corticosterone and aldosterone, and the tentative identi- 
fication small amounts cortisol. Several additional steroids present have not 
been identified. Corticosterone was the principal steroid obtained. 


adrenocortical steroids has been accomplished several mammalian 
species, but little information available the adrenal pattern birds. The 
adrenal effluent blood the capon has been reported contain corticosterone, cortisol, 
cortisone, and aldosterone (1), which corticosterone was the principal component. 
Newcomer (2) quantified the free and bound the blood plasma and 
adrenal tissue White Leghorn cockerels and thus established the avian adrenal 
source corticosteroids. The present note reports the adaptation method tissue 
incubation chicken adrenals and the identification the adrenocortical steroids iso- 
lated from the incubation medium. 


MATERIALS AND METHODS 


Three White Leghorn cockerels (Gallus domesticus) (of the same age) from 
days old, weighing 300 600 gm., were used each experiment. The adrenals were cleaned 
adherent tissue, weighed, cut into pieces, and placed Krebs-Ringer bicarbonate medium 
with 250 mg. glucose after gassing for minutes with 95% (pH 7.6). The 
medium was changed and discarded following period minutes 41° 
Dubnoff metabolic incubator. The were incubated for additional hours 
(without ACTH with 0.1 units Upjohn ACTH/100 mg. tissue) with change 
medium after hours. 

The incubation media were combined, extracted times with volumes ethyl acetate, 
washed once with 0.1 volume 0.1 NaOH and twice with water. The extract was dried 
under vacuum waterbath 40° The residue was partitioned between hexane (Skelly- 
solve and water, the water fraction extracted times with volumes ethyl acetate, 
ind the extract dried. The extract was transferred methanol washed Whatman #20 filter 
paper, previously cut into lanes, and chromatographed room temperature with standards 
ona parallel lane system cyclohexane-benzene-methanol-water (4:2:4:1) (3) toluene- 
methanol-water (4:3:1) (4). The steroids were eluted from the paper ethanol and re- 

hromatographed separately toluene-methanol-water. 

The identification the steroids was based (i) mobility with reference standards run 
parallel lane the two solvent systems; (ii) mobility the acetylated compound with 
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adrenal media (EXTR) and reference standards 
(STD). Solvent system: toluene-methanol-water (4:3:1); 
time hours; Whatman #20 paper room temperature. 
Reference standards: cortisol (F), cortisone (E), corticos- 
terone (B), 11-dehydrocorticosterone (A), aldosterone (Al). 
Density stippling indicates relative amounts steroid. 


reference standard acetates run parallel lane (5); (iii) 
reaction with triphenyltetrazolium chloride (iv) sodium 
hydroxide fluorescence (6); (v) Silber-Porter reaction 
(S-P) (7); (vi) ultraviolet absorption (UV) ethanol eluates over 
the range 220 300 Beckman spectrophotometer; 
(vii) acid spectrum (8). 


RESULTS 


total chromatograms was used the development 
the method and has the data summarized 
diagrammatically Figure ACTH did not result quali- 
tative differences adrenocortical secretion. 

Corticosterone. The steroid present largest quantities 
was identified corticosterone. The material moved with 
polarity standard corticosterone run parallel both 
solvent systems, reacted strongly with the NaOH and 
TPTZ, and gave max. (UV) 242 (EtOH). The 
steroid reacted negatively with S-P reagent for 17,21-di- 
hydroxy-20-ketosteroids, but showed maximum 350 
described for corticosterone (7). The acetylated compound 
had the mobility the system 
corticosterone acetate run parallel iane. The acid spectrum 
the compound was the same that corticosterone, with the major peak 
285 my, shoulder 333 and minor peaks 374 and 455 mu. 

Aldosterone. component that moved with polarity intermediate between standard 
cortisol and cortisone was identified aldosterone. The steroid ran opposite standard 
aldosterone run parallel the single chromatogram where the standard was avail- 
able. The steroid reacted positively with TPTZ and NaOH, and gave negative reaction 
with S-P reagent would expected for aldosterone. The max. the steroid was 
240 (EtOH). sample the material was identified Dr. Biglieri aldo- 
sterone the double isotope derivative method (5). 

Cortisol. component, tentatively identified cortisol, was present all chromato- 
grams and moved with polarity standard cortisol run parallel. The material gave 
strong reaction with NaOH positive reaction with S-P reagent with peak 410 mu, 
and max. 240 (EtOH). view the positive S-P reaction, the failure TPTZ 
reveal this steroid was probably due the small quantity the material present. 

Unidentified Minor Components. Several additional compounds were seen 
chromatograms small amounts and are designated Xe, and polar substances. 

was revealed all chromatograms treated with NaOH. showed polarity con 
sistently slightly less than standard cortisone run parallel lane (Figure 1). This 
compound was present small amounts, and attempts determine its reaction 
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S-P reagent and its absorption spectrum have led inconclusive results. Present 
data suggest that this material not cortisone. 

was present component that moved with polarity standard 11-dehydro- 
corticosterone. This compound was present chromatograms out treated with 
treated with NaOH. further data are available this compound. 

The polar substances were present components with polarity greater than cortisol 
and were present all chromatograms treated with Pooled samples these 
materials from several chromatograms did not react with TPTZ. attempt was made 
carry out further identification. 

Quantification. Corticosterone, aldosterone, and cortisol were obtained from the in- 
cubation medium the approximate ratio 20:4:1, with smaller amounts the un- 
identified These estimates are based the absorption the compounds 
240 (EtOH), and comparison with known amounts standard steroids 
treated with NaOH and TPTZ. 

DISCUSSION 

Corticosterone, aldosterone, and cortisol derived from incubation cockerel adrenals 
have also been reported adrenal effluent blood capons (1). addition these 
steroids, several unidentified components were obtained from the vitro system. Corti- 
sone was not identified the incubation medium, although cortisone was reported 
the adrenal blood the (1). The blood and incubation data are agree- 
ment that the most abundant adrenocortical steroid the chicken corticosterone. The 
steroids indicated were obtained from few three pair cockerel adrenals repre- 
senting little 180 mg. tissue. Accordingly, the vitro method may provide 
useful procedure for comparative studies the adrenal secretory pattern and synthetic 
pathways avian species, particularly where only small amounts adrenal tissue and /or 
limited numbers animals are available. The method now being employed compare 
the adrenal secretory products from mature roosters and from several other avian species 
with the pattern obtained the cockerel. Using this method, have already identified 
corticosterone the major secretory product the domestic pigeon (Columba livia). 
will interest determine corticosterone the major adrenal steroid birds 
group. 

RoGer 
Department Zoology and its 
Cancer Research Genetics Laboratory 
University California 
Berkeley, California 
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PROGESTERONE-INDUCED PROLONGATION THE VAGINAL RESPONSE 
SPAYED RATS ESTROGEN, WITH REMARKS OTHER 
PUTATIVE ESTROGEN ANTAGONISTS 
ABSTRACT 
The vaginal effects single dose estrone were prolonged least hours 
the simultaneous administration progesterone. Injection the progesterone prior 
the estrone (24 hours) after (24 hours) had effect upon the vaginal 
response. the estrogen were estriol the response was unmodified progesterone 
given any these periods. Testosterone propionate, desoxycorticosterone 
acetate and cortisone acetate were inactive, when given simultaneously with estrone. 


and estriol are known have characteristic effects upon the vaginal smear 
and vaginal histology various experimental animals. These effects, however, often can 
modified the administration various other steroidal hormones (1).-Although, 
our usual experimental tests, progesterone did not affect this response rats (1) mice 
(2), protocol was found result progesterone-blockade the estrogen- 
induced response both species (3, rats; mice). Thus estrogen administered over 
four day period appeared amenable progesterone-block, whereas two-day in- 
jection estrogen was not affected. Further, was found that mice single injection 
progesterone, testosterone desoxycorticosterone sufficed block four-days 
estrone estriol, provided that the blocker was administered the proper time (Day 
Maekawa (6) and Maekawa, Ito and Ikeda (7) meanwhile, had shown entirely 
different type test that progesterone prolonged the period estrus induced estrone 
given over five days. 

attempt analyze further the temporal aspects estrogen-progesterone ad- 
ministration, series experiments was designed which estrogen and progestin were 
administered single injections. addition, series studies was carried out deter- 
mine whether other presumed estrogen antagonists would prolong the vaginal estrus 
reactions. 


MATERIAL AND METHODS 


The spayed rats employed this study were selected from colony that*was prepared and 
maintained according methods described previously (1). All animals selected for study re- 
ceived estrogen subcutaneous injection 0.1 oil solution hours. Vaginal smears 
were taken 48, and hours, since earlier studies had shown that peak response 
estrogen occurred hours more after the injection the estrogen (1, 8). The vaginal 
smears were scored according the method Biggers and Claringbold (9), i.e., smears 
lacking leucocytes were considered positive. the experiments described here, estrone 
was employed dose estriol 100 and progesterone 1000 Progesterone 
was injected —48, —24, and hours. The other steroids were given hours only 
and dose 1000 ug. 


RESULTS AND DISCUSSION 


The dose estrone produced positive responses about half the animals 
hours, after which the group that was treated only with the estrone showed 
return the vaginal smears toward the castrate condition (Table 1). Neither pretreat 
ment nor post-treatment with progesterone altered the course this vaginal cycle. How 
ever, significant proportion the rats had positive smears hours when 
one and estrone were administered simultaneously; hours high, but not statist: 
significant, proportion remained positive. Thus the effects the estrone were 
nificantly prolonged the simultaneous administration progesterone, confirming 
studies Maekawa and Maekawa, Ito and Ikeda (6, 7), and extending the observatio 
short-term administration relatively low doses the steroids. 
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THE EFFECTS PROGESTERONE (1000 THE DURATION THE 
RESPONSE ESTRONE (10 ESTRIOL (100 


Compound +response 
Time administration (hrs.) Time smear (hrs.) 
Estrone 
Estriol 


Significantly different from estrone-alone group with 


TABLE 2. THE EFFECTS OF VARIOUS STEROIDS ON THE DURATION OF ESTRONE-INDUCED 
VAGINAL ESTRUS. ALL MATERIALS WERE ADMINISTERED SUBCUTANE®USLY AT 0 HOURS 


Compound Time smear (hrs.) 


Estriol-induced vaginal changes were not prolonged this type test (Table 1). This 
not surprising since have already pointed out that estriol and estrone are qualita- 
tively different, particularly with respect their interactions with other steroids (10, 11). 

Cortisone acetate, desoxycorticosterone acetate and testosterone propionate were in- 
effective prolonging estrone-induced vaginal cornification. 

Division Biological Research 
Searle and Company 
Chicago, 
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THE ANDROGENIC ACTIVITY PHENANTHRENE DERIVATIVE 
CASTRATED-ADRENALECTOMIZED 
ABSTRACT 


genic the castrated-adrenalectomized rat and therefore appears act directly 
rather than stimulation the adrenal. 


previous publications, 
phenanthrene (Ro2-7239) was shown possess activity both chicks and 
rats (1, 2). rule out the possibility that the androgenicity the compound may 
due its effect the adrenal, the compound has now been studied the castrated- 
adrenalectomized male rat. 


METHODS 


Male albino rats, 24-26 days age were castrated and adrenalectomized under ethe 
anaesthesia and placed stock diet supplemented with saline for drinking water. Starting 
the day surgery, the rats received subcutaneous injections 0.5 ml. aqueous sus- 
pension? the test compound daily for ten days. One day after the last injection the animals 
were sacrificed and the body, seminal vesicle, prostrate, and levator ani muscle weights were 
The tissue reponses are recorded ratios tissue mg. per gram body 
weight. 


EXPERIMENTAL 


The data, summarized Table indicates clearly that increased the 
prostate and levator ani weight Experiment The prostate ratio was increased from 
0.08 0.22+0.06 and the levator ani ratio was increased from 
0.31 +0.01 when total dose mg. was injected. significantly increase 
these tissues could observed when the total dose was increased 100 mg. Experi- 
ment II, 2-7239, dose level 100 mg., produced clearly significant increase 
seminal vesicle, prostate, and the levator ani muscle. 


DISCUSSION 


2-7239 significantly increased the size the seminal vesicle, prostate and 
ani muscle castrated-adrenalectomized rats and therefore the compound appears 
act directly androgen rather than stimulating the adrenal. 

Worcester Foundation for Experimental Biology 
Shrewsbury, Massachusetts 


Received June 1960. 

and grant from Hoffmann-LaRoche, Inc. 

The aqueous suspending medium consisted sodium polysorba 
(0.4%), (0.5%), and aleohol (0.9%). The compou 
was suspended grinding Tenbroeck Grinder Macalaster-Bicknell, Boston, Mas: 
10% the final volume for two minutes followed addition the remaining 
the suspending medium. 
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TABLE ANDROGENIC ACTIVITY 2-7239 


number mg. rats wt., Seminal 
gm. vesicle 
100 0.14+0.01 0.26 +0.02 
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TETRAIODOTHYROPROPIONIC ACID AND YEAST RESPIRATION! 
ABSTRACT 


The influence acid (Tetraprop) the oxidation 
glucose resting cell suspensions bakers yeast was investigated. Tetraprop 
accelerated the oxygen consumption the failing system, when the analog was 
added the yeast cells simultaneously with phosphate buffer and glucose. How- 
ever, when the cells were preincubated for one hour with the buffer and substrate, 
prior the addition Tetraprop, the respiration was markedly inhibited the 
thyroxine analog. 


was reported earlier Gutenstein and Marx (2) that stimulated the 
oxidation glucose resting cell suspensions bakers yeast. Difficulties were subse- 
quently encountered attempts consistently demonstrate stimulating action 
under the conditions described earlier. variations were observed 
the responses different lots yeast. The phenomenon was much better reproducible, 
however, when acid (Tetraprop, Tp) was used instead 
Further study indicated that certain details preparing the incubation 
medium were critical. Tetraprop was observed cause either acceleration in- 
the oxygen consumption, depending the sequence adding the constitu- 
uts the mixture, and preincubation some the components. The present 


paper describes the experimental conditions required for demonstration both these 
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Acceleration Yeast Respiration—A suspension bakers yeast 
Active Dry Yeast) distilled water concentration 0.5 per cent (w/v) was 
aerated overnight room temperature. The washed cells were suspended 0.1 
K-citrate buffer 4.7 mg. dry weight/ml.). One ml. this cell suspension was 
added 1.0 ml. solution containing 0.05 0.02 glucose and 
The Tetraprop was first dissolved KOH, bringing the KOH concentration 
the final reaction mixture 0.0013 solution the same components (including 
KOH) identical concentrations, but without Tetraprop, served control. When the 
oxygen consumption these solutions was measured for hours 37° using con- 
ventional manometric techniques, the control exhibited gradual decline respiration 
rate after the first hour; the inhibition became more marked with increasing incubation 


300 


Fig. Effect Tetraprop the oxida- 
tion resting cells bakers 
yeast. Each Warburg flask contained 1.0 
mg. cells (dry weight), 0.05 
citrate, 4.7, 0.025 0.01 
glucose (CPG), and Tetraprop 
(Tp), where indicated. Temperature: 37° 
preincubation. =autorespiration. 


9 


100 


OXYGEN UPTAKE 


time (Fig. curve CPG). the experimental sample, the other hand, the initial 
rate the oxygen consumption remained practically unchanged during the entire experi- 
mental period (Fig. curve CPG-Tp). Thus, the action Tetraprop consisted main- 
taining respiration rate which declined gradually the absence the hormone, rather 
than true stimulation the oxygen consumption. 

Inhibition Yeast the other hand, Tetraprop caused marked in- 
hibition the respiration the same system when the cells had been preincubated with 
citrate-phosphate-glucose prior the addition the Tetraprop. The two actions 
Tetraprop are contrasted Figure Yeast cells were washed described earlier and 
aliquots suspended water (W) equal volume citrate-phosphate-glucose 
medium (CPG). One hour’s pre-incubation 25° was allowed. Then each suspension 
was brought exactly the same final citrate-phosphate-glucose concentrations employed 
plus either dilute KOH Tetraprop dissolved KOH. Oxygen consumptio: 
was then measured 37° for several hours. 

Curve Figure shows falling-off oxygen consumption the control 
W-sim-Tp maintenance with Tetraprop, when the thyroxine analog was added 
cells simultaneously with citrate-phosphate-glucose. This result similar that 
sented Figure (addition Tetraprop simultaneous with phosphate-glucose cel 
plus citrate). contrast, curve CPG-pre-Tp demonstrates that Tetraprop added 
the yeast after pre-incubation the cells citrate-phosphate-glucose caused about 
70% decrease activity. Thus, the preliminary hour’s exposure the yea: 
the complete medium reversed its subsequent response Tetraprop, despite only 
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the oxidation glucose 
resting cells bakers yeast pre- 
water (W), citrate-phosphate- 
glucose (CPG). Each flask 
tained 1.5 mg. cells (dry 
weight), citrate-phosphate-glu- 
cose shown Fig. and 
(Tp) 
where indicated. Tetraprop was 
added the cells either simul- 
with phos- 
phate-glucose (sim), after pre- 
citrate-phosphate-glucose for 
hour (pre). Temperature during 120 


250 


150 


100 


OXYGEN UPTAKE 


180 240 
Warburg measurement: 37° TIME (MINUTES) 


slight quantitative effect the preincubation metabolism the absence the 
thyroxine analog (CPG). 

The effect this preincubation reversing the action Tetraprop can obtained 
other temperatures, but has been most fully explored 25° Under these conditions, 
the reversal only partial and minutes, reaching stable maximum with- 
out further change minutes. Use the phosphate, citrate and glucose components 
singly pairs preincubation media altered the results, but instance such 
extent that shown the triple combination. Experiments are under way explain 
these results. 

Department Biochemistry and Nutrition 
School Medicine 
University Southern California 
Los Angeles, California, and Department Pharmacology 
University Alabama Medical Center 
Birmingham 
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CARBONIC ANHYDRASE ACTIVITY RAT 
ABSTRACT 


investigation was carried out the carbonic anhydrase content rat 
uteri. Determinations the enzyme activity have shown that the endometrium 
contained the highest concentration. Little difference was observed between the 
enzyme activity normal endometria and decidual endometria. The enzyme 
activity whole uteri from 30-day-old immature female rats was comparable 
the activity whole uteri from mature 7-day castrated females. 


UTERINE 


1955 Lutwak-Mann (2) reported that the endometrium the rat contained 
measurable amounts carbonic anhydrase, but that the enzyme was present ma- 
ternal and fetal placentas. Miyake and Pincus (3) reported that the rat uterus contained 
the average 7.3 E.U./gm. uterus and that ovariectomy raised the enzyme concen- 


tration 20.3 E.U./gm. uterus. These authors have likewise reported that estradiol 

TABLE CARBONIC ANHYDRASE ACTIVITY RAT UTERINE TISSUES 

anhydrase 

Tissue and treatment No. animals activity E.U./gm. 

tissue 


Myometrium Mature 16.5 1.07 


counteracted the effect ovariectomy. Johnson and co-workers (1) working with 
decidual rat uteri found enzyme concentrations ranging from E.U./gm. de- 
cidual uterus. These values coincided with the values obtained for placental tissue, al- 
though the values for the placenta were considerably lower than previously reported 
ones (2). 

the present study carbonic anhydrase content rat uteri and endometria was 
determined the method described Ogawa (4). Table are given some the 

values observed. 

The discrepancy between the concentration values observed this study and the 
ones previously reported most likely due the differences the methods analyses 
for carbonic anhydrase and difference the definition the enzyme unit. For the pur- 
pose comparisons the values obtained the present method are about times 
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higher than the values obtained the British workers and about times higher than 
the values Miyake and Pincus 

Our results confirm the observation Miyake and Pincus (3) that ovariectomy 
causes increase anhydrase concentration. The 3-fold increase 
the same magnitude previously reported. interest that animals ovariectomized 
for only days had the same concentration carbonic anhydrase their endometria 
the ones castrated for days. Immature 30-day-old females have likewise exhibited 
high enzyme concentration. The myometria the average contained about one- 
tenth the concentration carbonic anhydrase the corresponding endometria, and this 
activity may due incomplete removal all the endometrium. 

could not confirm the observation Johnson and co-workers (1) that decidual 
endometrium had increased concentration carbonic anhydrase compared with 
normal Some the decidual values were quite high (about 200 E.U./gm.), 
but all these instances there was considerable admixture clotted blood the 
homogenates. 

The inability previous authors (1) measure carbonic anhydrase normal rat 
uteri was most likely due the insensitivity the analytical method employed. Why 
there was activity observed normal endometrium difficult explain. analyz- 
ing whole uteri for enzyme activity one should keep mind the weight difference be- 
tween the endometrium and the myometrium. Thus, the normal uterus the endo- 
metrium comprised 1/50 1/60 the total uterine weight, whereas the decidual 
uterus the endometrium accounted for about one-half the weight. 

GABRIEL AND GREGORY 
Worcester Foundation for Experimental Biology 
Shrewsbury, Massachusetts 
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ERRATUM 


the article entitled Various Analogues Thyroxine 
Oxygen Uptake Cardiac Muscle from Newcomer and 
Paul Barrett which appeared Endocrinology 66: 409. 1960, the sec- 
ond sentence the body the paper should read ‘‘Triiodothyronine has 
been reported have greater potency than thyroxine blocking TSH 
release (4), the same potency preventing goiter (5) and controlling suf- 
time, total oxygen consumption and heart rate (6), and less 
potency preventing goiter thiouracil-treated birds (6, 
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THE ENDOCRINE SOCIETY 
THE 1961 ANNUAL MEETING 


The Forty-Third Annual Meeting the Endocrine Society will held 
the Hotel Biltmore, New York, Y., Thursday, Friday and Saturday, 
June 22, and 24, 1961. 

The Scientific Sessions will held from 9:00 a.m. 5:00 p.m. daily and 
addition there will simultaneous afternoon sessions. The annual 
dinner scheduled for Friday, June 23, 7:30 preceded cocktails 
6:30 P.M. 

All members are urged make their hotel reservations immediately. 
The Biltmore will hold 300 bedrooms for members until May 1961, after 
which time the hotel will not guarantee further reservations. Therefore 
imperative that you make your reservations early, directly with the 
hotel, advising them time and date arrival and departure. you 
plan remaining through June for the American Medical Association 
and other meetings, imperative that your reservations made from 
June directly through the A.M.A. Housing Bureau. Make your 
reservations early and avoid disappointment. Hotel reservation card will 
mailed members shortly after January 1961. 

Final program, membership card and advance registration forms will 
sent May 1961 members whose current dues have been paid. 

Those wishing present papers, which will strictly limited ten 
minutes, should send original and four copies the title and abstract 
the Vice-President, Dr. Roy Hertz, National Cancer Institute, Be- 
thesda, Maryland, not later than February 15, 1961. imperative that 
the abstracts informative and complete with results and conclusions 
—not statement that those will presented the meeting—in order 
that they may reference value and suitable for printing the pro- 
gram. The reading and processing approximately two hundred abstracts 
submitted each year and compiling the program from these involves 
tremendous amount time and effort the part the Program Com- 
mittee. 


THE COUNCIL REQUESTS THAT AUTHORS ADHERE STRICTLY 
THE FOLLOWING RULES WHEN SUBMITTING ABSTRACTS, 
OTHERWISE THEY CANNOT CONSIDERED: 

ASSUMED THAT ABSTRACTS SUBMITTED FOR 
PROGRAM HAVE NOT AND WILL NOT SUBMITTED 
ELSEWHERE. 

Abstracts may not exceed two hundred words, equivalent space. 
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exclusive title. footnotes acknowledgements sponsors can 

published. Reference, used, must placed the body the 

text. The abstract should consist single paragraph, possible. 

Structural chemical formula cannot used. 

The title heading must arranged follows: 

Line Title, not exceed fifteen words; 

Line Author/s. The name each non-member author collabo- 
rating with member-authors followed the phrase 
“(by Names non-members who are intro- 
duced, i.e., who are not collaborators with member-authors, 
principal degree, e.g., M.D., each author should writ- 
ten after his name. 

Line Institution origin and city which institution located. 


INTERNATIONAL DIABETES FEDERATION 


The International Diabetes Federation will hold its International 
Congress Geneva, Switzerland July 10th 14th, 1961. All communica- 
tions concerning these events are addressed the general secretary 
the congress, Bernard Rilliet, M.D., Blvd. des Tranchees, Geneva. 
The printed program with all the application forms can obtained 
November 1960 the general secretary’s office. 


THE VAN METER AWARD FOR 1961 


The American Goiter Association, again offers the Van Meter 
Prize Award $300.00 the essayist submitting the best manuscript 
original and unpublished work concerning its basic 
The studies submitted may relate any aspect the thyroid 
gland all its functions health and disease. The Award will made 
the Annual Meeting the Association the Warwick Hotel, Phila- 
delphia, Pennsylvania, May 3-6, 1961. place the program will 
reserved for the winning essayist can attend the meeting. Where 
more than one author appears the manuscript they will asked 
designate single recipient receive the award. 

The competing essays may cover either clinical research investiga- 
tions, should not exceed 3,000 words length and must presented 
Duplicate typewritten copies, double spaced, should sent 
John MeClintock, M.D., 702 Madison Avenue, Albany 
New York, not later than January 1961. Manuscripts that not con- 
‘orm these requirements will not receive consideration. The committee 
will review the manuscripts composed men well qualified judge 
merits the competing essays. 
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THE ENDOCRINE SOCIETY Volume 


AMERICAN MEDICAL ASSOCIATION 
COUNCIL FOODS AND NUTRITION 


535 DEARBORN STREET, 10, 


symposium Clinical Nutrition will held Washington, 
November 30, 1960. This symposium, sponsored the Council 
Foods and Nutrition the American Medical Association cooperation 
with The Medical Society the District Columbia, will begin 8:30 
A.M. Wednesday, November 30, Room the National Guard Armory. 
The meeting will opened all interested persons. 

Nutritionist 
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